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© A high efficiency Dght verve projection system. 

©A light valve such as an active matrix LCD 
between crossed polarizers, utilizing, lor instance. 
Individual transistors to control each "pixel area" of 
the LCD and storage elements to store video signal 
data for each pixel, with optically shielded -dead 
spaces" between pixels to eliminate electric field 
crosstalk and non^rdonnmion-bearing light Weed 
through, Is illuminated with a bright independent light 
source which creates a video image projected via 
specialized prelection optics onto an internal or ex- 
ternal screen without distortions, regardless of the 
angle of projection onto the screen. Use of heat 
sinks, |R reflective coatings, heat absorbing optics, 
optional fluid and a thermistor controlled pixel tran- 
sistor biss voltage tn| action servo circuit stabilizes 
image performance, maintaining accurate color and 
contrast levels as the LCD changes temperature. In 
one embodiment of the Invention, use of a mufti- 
color LCD with a stepped cavity, producing different 
thicknesses of LCD for the different wavelengths mat 
pass through it, allows a linear correspondence be- 
tween the wavelengths passing through the LCO to 
produce true black, high contrast and CRT-like color 
rendition A dtehmic mirror arrangement is used to 
overlap differently colored pixels in the projected 
image. Use of striped mirrors duplicate pixels, where 
necessary, eliminating spaces between pixels, creat- 
ing a continuous (mage wtth no apparent stripes or 



dots. A special von et Ian- blind type of screen Is also 
disclosed and methods for using the system to view 
three-dimensional video are also explained. 
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Eugene Dolgoff, 036 Roxbury Dr., Westbury, 
N.Y. 11530 This Is a oontlnuaJioo-ifvpaft of US 
Applicafion Serial No. 07/280.040, entitled "AN AC- 
TIVE MATRIX LCD IMAGE PROJECTION SYS- 
TEM.* filed December 23, 1988. which Is a s 
conttouaaorHn-part of U.S. Application Serial No 
07/140,233, entitled "AN IMPROVED VIDEO DIS- 
PLAY SYSTEM." filed December 31 , 1 887. 

FIELD OF THE INVENTION , a 

The present invention, relates generally to video 
and data display devices and more partlcub/ly to 
«n improved video display system employing light 
valves such as an active matrix LCD In conjunction , 6 
with novel projection optics. 

. BACKQRQUNO OP THE INVENTION 

The mainstay of electronic imaging, since its sc 
beginnings, has bean the cathode ray tube (CRT) 
or kinescope. A/though CRT technology has pro- 
gressed over the years, several major drawbacks 
remain. Picture size Is still limited, making group 
viewing difficult. CRT picture tubes larger than 
about 30- (measured diagonally) become Imprac- 
tical because of size, weight, expense and danger 
ofimpiosion because of the high vacuum used. To 
achieve high brightness they use dangerously high 
voltages and may produce health hazards from x- so 
rays and electromagnetic fields. 

Image quality of CRT-based video displays 
■nay be degraded by color distortion, image shape 
distortions, color Impurity from the influence of the 

r^H-^^ 0 fleW ' "** Convergence. w . 
in addition. CRT displays are subject, particularly 
when viewed at close range, to visual artifacts such 
as scanning lines and discrete phosphor dots or 
stripes, which are inherent in such TV displays. 
These visual artifacts provide a poorer image qua!- «o 
ny than images in movie theaters. 

Research has been continuing on for many 
years to develop other types of fight emissive 
drepiays which wwild = overcome some of these 
drawbacks. Plasma, electroluminescent {EL) and <s 
coJd cathode phosphor displays are among the 
most promising candidates, although they nave not 
Proved themselves to be practical. Furthermore It 
to highly questionable whether these other emissive 
displays. If and when successful, would provide so 
any advances over current CRT brightness or size 
in practical application a 

-Pocket TVs" with a 2' 3" picture are con- 
structed today using liquid crystal displays which 
areaddressed via electronic multiplexing or active 53 
matrix addressing. Creating a large picture for o> 
rect viewing however poses many problems which 
have heretofore not been overcome. Simple mul- 



tiplexing cannot produce a satisfactory image be- 
cause of cross-talk. An active matrix relieves the 
cross-talk problems, but has so many more pro- 
duction steps and so many switching and storage 
elements that must be deposited over a large sur- 
face area thai production of large, defect-free ac- 
tive matrix displays for direct viewing has not been 
possible end may never be economically feasible 
for very large displays. 
> Demand fox large video Imaging systems and 
for thin-profile or "flat screen- imaging systems, 
both large and small, has Increased signrftcantfy In 
recent years and is expected to increase dramati- 
cally with the advent of high definition television 
broadcasts. "Projection televisions- have been de- 
veloped and commercialized In recent years. Un- 
fortunately, such projection display devices have 
exacerbated many of the problems associated with 
earlier video display systems end have created 
new problems. Projection televisions are more ex- 
pensive than standard direct-view televisions and 
are more cumbersome, heavier, and larger so that 
portability Is Impractical. Two types of projection 
television systems have become popular: one us- 
ing three CRTs with projection lenses and the other 
using an oil film scanned by an electron beam. 

The CRT-based projection system remains rel- 
atively dim, requiring a dimly-M viewing environ- 
ment and a costly special screen which provides a 
very limited viewing angle. The three CRTs pro- 
duce images in the primary colors, blue, green, 
and red and are driven with higher anode voltage' 
than conventional systems to obtain as much 
brightness out of them as possible. The higher 
anode voltage lowers tube fife and increases the 
radiation hazards and other problems associated 
with high voltsge. The three tubes also increase the 
danger of tube implosion. The standard oil-based 
system, referred to as an Bdophor, has three 
•scanned oil elements- which have a relatively 
short life and uses external fight sources. In either 
system, all three color Images utilizing three sets of 
optics must be precisely converged onto the view- 
ing screen. In addition to requiring adjustments of 
huo. saturation, vertical and horizontal size and 
linearity, and minimization of pincushion and barrel 
distortion. Proper alignment in either system Is 
therefore beyond the abiBues of the average per- 
son. Proper convergence is not easily achieved 
and often requires up to a half hour of additional 
set*up time because of the curvature of the lenses 
and variations in the performance of the circuits in 
either system. If the projector or screen is moved, 
the convergence procedure must be repeated. 

Experimentation has also been performed on 
laser systems which scan out an image on a view- 
ing screen In the same way an electron beam 
scans the image onto the face of a CRT. The laser 
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systems developed thus far a/e much too large to 
be portable, very complex to use and maintain, 
extremely expensive, potentially dangerous and 
have proven too dim tor large images. 

Many attempts have been made to solve frm e 
above-mentioned problems, resulting in experimen- 
tation on several novel "light valve" based sys- 
tems. This type of system uses an external tight 
source which can theoretically be as bright as 
desired, with a "fight valve* to modulate the light to 
carrying the picture Information. The research and 
experimentation to develop a workable tight valve 
system has been primarily directed to using dif- 
ferent optical, electronic physical and other effects 
and finding or producing various materials to ac- is 
complish the desired results. The various light- 
valve system attempts have mainly utilized crystals 
<Buch as quartz. Potassium Df- Hydrogen Phos- 
phate. Lithium Ntobate. Barium Strontium Nrobate, 
Yttrium Aluminum Garnet and Chromium Oxide). so 
liquids (such as Nitre Benzene) or liquid crystals 
(of the smectfc or nemetic type or a suspension of 
particles such as iodoquinina sulphate in a liquid 
carrier) or other similar materials to take advantage 
of one or mora optical effects including electro- 2S 
optical effects, such as creating a rotated plane of 
polar) ration or altering the index of refraction of the 
material due to en applied electric field, magneto- 
optical effects using an eppGed magnetic field, 
eledro-striction effects, pi e*o -optical effects, elec- x> 
irestatic particle orientation, photoconductivity, 
ecousto-opticai effects, photochrome effects end 
taser-scarHnduced secondary electron emission. 
Except for liquid crystal light valves, such light 
valves proved Impossible to manufacture ec- w 
onomteally and with a sufficiently large aperture 
and have often been tcodc, dangerous, and in- 
consistent In production quality. 

In all light valves, different areas must be sup- 
piled different Information or •addressed. " so that a 40 
different amount of light emerges through each 
area, adding up to a complete picture across the 
total beam of light Techniques far addressing drf- 
ferwit picture elements (or "pixels") of a light valve 
have included methods for deflecting a laser or «o 
electron beam to that area or the use of a tiny 
criss-cross of electrically conductive paths, i*.. a 
matrix, deposited on or adjacent to the materia to 
be addressed In order to activate that area of the 
matrix. In scanning beam systems, problems have so 
Included outgassfng and erosion of material. The 
electrical matrix system has proved difficult to en- 
gineer, requiring deposition with extremely high 
precision of a transparent material having good 
conductivity characteristics. Further, such matrices ss 
must be driven by extremely fast switching circuits, 
which are Impractical at the high voltages required 
to activate a given area of most materials. 



The most frequently used system for address- 
ing small areas is often referred to as electronic 
multiplexing. Electronic multiplexing works well with 
only low voltage-requiring materials such es liquid 
crystals. With this method, ell pixel addresses are x 
and y coordinates on the conductive grid. To ac- 
tivate a given pixel area a specific amount, different 
voltages must be applied to thex and y conductors 
sothat where they meet, they together exceed a 
threshold voltage and modulate the area. A major 
drawback to such multiplexing is crosstalk, where 
surrounding areas ere effected by the electric Held, 
causing false data to influence surrounding pixels, 
reducing contrast and resolution, as well es color 
saturation and accuracy. The crosstalk problem 
increases when resolution Increases because Pquld 
crystal materials respond fairly linearly to applied 
voltage. Since all pixels are interconnected within 
the same system, all pixels are given partial volt- 
age and are. thus, partially activated when any one 
pixel Is addressed. Non-ilnear materials can be 
added to the liquid crystal mix, but this still doesnt 
allow for more than about 160 lines of resolution 
before crosstalk sfgnHicanfly degrades the image. 

An •active matrix" fight valve in which aH pixels 
from the matrix are selectively disconnected except 
for those pixels which are addressed at any given 
time eliminates the crosstalk problem, regardless of 
the number of pixels or lines in a display. Recently, 
active matrix displays have been made utilizing 
transistors, diodes, or an Ionizing gas as the 
switching element to disconnect the pixels. 

Since liquid crystal light valves have very little 
persistence and one pixel or One of pixels is ac- 
tivated si a time, substantially less light is projec- 
ted to the screen to be ultimately viewed since afl 
pixels are 'off" most of the time. This characteristic 
wastes light produces a dimmer image with poorer 
contrast and generates more heat because of the 
brighter source necessary to compensate for the 
dim image. High refresh rates are Impractical be- 
cause they would require fester switching times 
and fester responding material. 

Active matrix displays, however, also utilize a 
storage element, such as a capacitor, connected to 
each pixel, which allows each pixel to retain the 
proper charge, and thus, the proper trarismiaaivlty 
after the pixel has been addressed and discon- 
nected from the system. Thus, each pixel remains 
"on" the correct amount all the time. This In- 
creases light throughput and eliminates flicker. 

If high-wattage light sources are used in order 
to achieve very bright displays, heat sensitivity can 
causea decrease in contrast and color fidelity. 
Absorption ol high Intensity light by color filters and 
polarizers (if used), even if little or no infrared Bght 
Is present, results in healing of these elements 
which can also degrade Image quality end may 
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even damage the fight valve. Use of fan ooofing 
causes objectionable noise, especially in quiet en- 
vironments when source volume is kept km. 

Another Inherent problem of tight valve projec- 
tion systems relates to the fact that each pixel of 
the frame is surrounded by an opaque border thai 
contains addressing circuitry or physical structure. 
This results In visibly discrete pixels and contri- 
butes en objectionable -g raininess - to the Image 
that become progressively more annoying when 
viewed at close distance or on large screens. The 
problem is amplified If a single full-color Bgh1 valve 
Is used in which the Individual red, green, end blue 
color elements of each pixel are not converged or 
Wended and are visible to the viewer. 

Consequently, projection by means of a small 
light veto, provides the most practical and eco- 
nomical way to produce a large, bright image. 
Unfortunately, euch light valve projectors have, up 
to the present, exhibited several shortcomings 
which fall generally into at least four broad cate- 
gories, namely: 

1 ) fight valve restrictions: 

2) light source limitations; 

3) optical system inefficiencies: and 
4> screen performance weaknesses. 

These problems must be addressed to allow for 
the successful production of acceptable quality, 
practical display systems, capable of large projec* 
tlon imagery and display of smaD or large Images 
from a device with a "thin profile. - 

To address these and other problems asso- 
ciated with pnor art video display systems, it is an . 
object of the present invention to provide an adfust- 
able size video Image which can be very large, yet 
possess high quafity and sufficient brightness to be 
visible from wide viewing angles without distortions. 
In e normally lit room as well as in environments 
• with high ambient light 

Furthermore, an object Of the invention is to 
create e video display system which utilizes a Dght 
valve such as a specially constructed tCD fight 
valve, en Independent light source with a long Bra. 
high brightness, average luminance, end color tem- 
perature, and novel optics, providing for high light 
efficiency for front or rear projection and which 
operates without excess heat or fan noise. 

Another object of the invention Is to produce 
such a system with high resolution and contrast 
(eliminating the appearance of stripes, pixels, or 
Hnes), with highly accurate color rendition (equal to 
or better than that of a CRT). 

An additional object of the invention is to pro- 
duce a display that reduces eye strain by the 
elimination of flicker and glare and by the broaden- 
ing oi color peaks. 

A further object of the invention is to produce a 
small, lightweight portable system, having e long 



maintenance-free operating life, which is operable 
In conjunction with or without a special screen end 
can be mass-produced relatively inexpensively. 
Yet another object of the invention is to pro- 
o duce a system which requires no convergence or 
other difficult adjustments prior to viewing. 

Still another object of the present Invention Is 
to produce a system with greatly reduced radiation 
and hazard of tube implosion and operates with 
to relatively low voltage. 

An additional object of the Invention Is to pro- 
duce a system which does not require a special 
screen, can be easily projected onto a wad or 
celPng, and can be viewed canfortably at relatively 
95 wide angles. 

A further objective of the invention Is to pro- 
duce such a system capable of three-dimensional 
projection. 

Additional objects of the Invention Include the 
so creation of a system which will overcome 
drawbacks associated with CRTs In terms of 
wekjht, bulk, high voltage, radiation, implosion haz- 
ard and convergence difficulty in 3- CRT projection 
systems. 

*6 Further objects will Include increasing image 

contrast color reproducibility, resolution and yield 
while reducing color pixel visibility, flicker, heat 
sensitivity. Image artifacts, system oooHng noise 
and bleedthrough of non-Image bearing Dght. while 

so decreasing the cost and complexity of light valve 
systems. 

Additional objects of the Invention involve cre- 
ating a system to overcome and improve upon light 
source limitations by increasing brightness efficien- 
ts cy, average luminance and color temperature, while 
lengthening bulb iffe and reducing the weight and 
bulk of the power supply. 

Yet additional objects of the Invention involve 
creating a system with improved fight collection, 
40 decreased light losses due to color selection and 
polarization, decreased light valve aperture ratio 
kwses and other non-image light waste. 

Further objects of the invention Involve creating 
a system which Involves improving performance by 
49 use of particular screen materials wrth reduced 
Cght absorption, while reducing Jenticuler-iens-pat- 
tsm Image degradation. ofNaxis projection distor- 
tion and off-axis brightness falKofl; while reducing 
the effect of glare and ambient light to image 
so visibility. 

Moreover. It Is an object of the invention to 
create a system which minimizes and virtually 
eliminates the wasted space of projection distance 
and enables three-dimensional projection, 
ss Other objects will become evident from the 

disclosure. 

SUMMARY OF THE INVENTION 
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*H«esa and other objects of the invention which 
will become apparent hereafter are achieved by "A 
HIGH EFFICIENCY LIGHT VALVE PROJECTION 
SYSTEM" employing a light valve, such as a liquid 
crystal display (LCD) device, for tha formation of an s 
image utilizing an "active matrix- for electroricaily 
addressing and activating each of the liquid crystal 
elements In the matrix. The matrix Is 'active - En 
mat a separate transistor or other suitable material 
18 8d ^ ceflt to each picture element or -pixel" to to 
control each pixel and a storage element such as 
a capacitor, is employed to store the respective 
Pixel video signal. The system further comprises a 
aire* projection optics arrangement which includes 
aUoht source for Illuminating the light valve, optica is 
whan coJDmate light from the source and improve 
^throughput efficiency and quality of the projec- 
ted Image and a lens system for projecting and 
focusing an image from the Eight vafve onto a 
viewing surface. x 

An Important aspect ol one embodiment of the 
invention is the use of a dichroic mirror system to 
superpose color pixel triads from a single, mul- 
ticolored LCD to term full-colored pixels with 
spaces between them. x 

Another aspect of one embodiment of the in- 
vention relates to the tilling ot spaces between 
pbcela. These spaces may . be filled using a 4-mlrror 
system. In which a first striped mirror pair du- 
plicates each pixel and Ihe image is shifted hort- so 
zomaily into the spaces which previously existed 
between pixels. A second mirror pair duplicates tha 
newly created raws ol pixels and shifts the original 
and tha duplicated pixel Images vertically lo fill the 
remaining spaces between pixels. - & 

Other methods are described for the filling of 
spaces between adjacent pixels through the use of 
an expanding lens array and a coilimating tens or a 
second coilimating lens array to expand and col- 
limate individual images of the pixels. w 

The invention win be better understood by the 
Detailed Description of the Preferred Embodiment 
n conjunction with the appended drawings, of 



BRIEF DESCRIPTION OF THE 0 RAWING S 

RQure i is a schematic view of (he invention 
depicting three LCDs projecting their Image onto 
one common screen; ^ 
Figure 2 is a schematic view, of a modified 
embodiment of the present Invention In which 
the images of three LCDs are internally super- 
posed and projected onto a common screen 
employing one set of projection optics; w 
Figure 3 is a schematic view of various pixels 
with, reduced spaces between them; 
Figure 4 is a schematic view of a projected 



Image of superposed "full cofor pixels*; 
Figure 5 is a schematic view of a four-mirror 
system depicting a method of fining in spaces 
between adjacent pixels; 
Figure 6 is a schematic view depicting the filling 
of spaces between pixels by the first two mlnos 
{a "striped-mirror pair-) of the four-mirror sys- 
tem ol Figure 5; 

Figure 7 Is an enlarged schematic view of a 
•strtped-mlnror pair" of the four-mirror system of 
Figure 5; 

Figures 8a and fib are schematic views of tans- 
systom embodiments of the present invention; 
Figure 9a is a schematic view of a dichroic 
mirror system of one embodiment of the present 
Invention; 

Figure Ob is a schematic view of the embodi- 
ment of the dichroic mirror system of Figure 9a. 
modified to include an additional light path: 
Figure 10 Is a graphical plot of transmitted' light 
intensity over the visible spectrum through two 
full color LCDS, one with a constant LCDs cavity 
thickness contrasted with a "stepped thickness- 
LCD cavity; 

Figures ita and lib are graphical plots of 
transmitted light intensity vs. applied voltage for 
three wavelengths used in two fuU-color LCDs, 
one for a constant thickness LCD cavity and one 
for a ■stepped thickness* LCD cavity; 
Figure 12 is e magnified schematic view of a 
"stepped thickness* LCD cavity showing the 
different thicknesses of LCD through which the 
red, pjeen, and blue light traverse; 
Figure 13. is a CIE chromaticity diagram com- 
paring color ranges of a CRT display, a conven- 
tional color LCD display with a fixed cavity thick- 
ness and a 'stepped thickness* LCD cavity in 
accordance with the present invention; 
Figure 14 Is a schematic view of a rear-screen 
projection system utilizing the present invention 
with a venetian-Ofind type of rear-projection 
screen; 

Figure 15a is a schematic view of color filters on 
corresponding ootor-pixei areas In a full-color 
LCD; 

Figure 15b is a schmatic view of an alternate 
enangement of pixels in which three pixels of a 
color Wad are indicated by a triangle; 
Figure 16 h? an open perspective view of a 
sound suppression system which may be adapt- 
ed to the present invention; 
Rgure 17 is a schematic diagram of the pre- 
ferred embodiment of the Invention; 
Figure ia Is a schematic view of an active 
matrbt liquid crystal display which utilizes a gas 
as a switching element to disconnect pixels from 
the circuit 

Figure 19 is a schematic view of an embodiment 
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of me electronic image projection system in 
which two light verves are placed together where 
one DgW valve would compensate for defective 
pixels In the other light valve; 
- Figure 20 Is a schematic view of a projection 5 
arrangement utilizing a reflective llghl valve: 
Figure 21 is a schematic view of a single fight 
valve divided Into three sections for use in full 
color projection; 

Figure 22 Is a schematic view of a method of to 
matching the path lengths of beams travelling 
from a Bght valve to a projection lens utilizing a 
path length compensation lens; 
Figure 23 is a schematic view of a technique 
utilizing minors to compensate for path length is 
differences of beams travelling from the light 
valve to the projection lens In en embodiment ol 
the present Invention; 

Rgure 24 la an alternate embodiment oif the 
electronic image projection system utitelng a 20 
reflective Rght valve to produce a full color im- 
age and a McNeilte prism for poiartzmg and 
analyzing beams: 

Figure 25 is a schematic view of a section of the 
electronic image projection system In which ss 
dichroic mirrors separate a ootfimated beam of a 
white light into colored beams of Bght which 
pass through a double lens array creating de- 
magnffied coOimated beams of colored light ar« 
ranged side by side by a second set of dichroic 30 
mirrors tor use as a multicolored beam to illu- 
minate a full color light valve; 
Figure, 26 a schematic view of an alternate 
method of producing a multicolored light beam 
In the electronic image projection system for . .35 
use in ifrminaling a multicolored light valve; 
Figure 27 is a schematic view of an alternate 
method of producing a multicolored fight beam 
utilizing a hologram to separate a white light 
beam Into red, green and blue beams and a <o 
second hologram to make parallel the resulting 
beams; 

Rgure 28 is a schematic view of wedges used 
In the optical path of a projector to create three 
overlapping images of the full color Bght valve «* 
so as to merge red. green and blue pixel color 
components Into full color pixels in the image; 
Figure 29 is a schematic view of a tour mirror 
system In the electronic Image projection sys- 
tem to overlap red. green and blue pbcel color so 
components creeling full color pixels; 
Figure 30 is a schematic view of a two mirror 
system In an alternate embodiment of the olec- 
Ironic image projection system used to superim- 
pose red, green and blue pixel color compo- 55 
nenta creating full color pixels; 
Figure 31 is a three mirror system In an al- 
ternate embodiment of the electronic image pro- 



jection system to superimpose red. green and 
blue pixel color components creating full color 
pixels; 

Figure 32 is a schematic view of the classic 
method of spatial filtering using a lens to per- 
form Fourier transformation; 
Figure 33 is a schematic view of an efectroo- 
teafly controlled prism for Image displacement to 
be used wtih the present Invention; 
Rgure 34 is a schematic view of pixel holes In a 
light valve with a lenslet before and after the 
pixel hole for use in analysis of illumination 
uniformity In one aspect of the electronic Image 
projection system; 

Rgure 34 is a schematic side view of a light 
valve and lens arrays for further analysis of an 
aspect of the electronic Image projection sys- 
tem; 

Rgure 38 is a schematic side view of an em- 
bodiment of a section of the electronic image 
projection system utilizing field lens arrays with 
a light valve; 

Figure 37 depicts a schematic view of a Section 
of the electronic image projection system in 
which two light sources are used whose beams 
are coilimated and made continuous by the use 
of a prism; 

Figure 38 la a schematic view of a section of the 
electronic Image projection system in which light 
from two coilimated beams Is redistributed by 
the use of mirrors to produce a single beam with 
a Gaussian-like distribution that would be found . 
in a single beam; 

Figure 39 is a schematic view of a section of the 
electronic image projection system In which a 
paraboBc reflector is used in conjunction with a 
conventional spherical reflector and condenser 
lens to capture more light for use In projection; 
Rgure 40 is a schematic view of a Gallilaen 
telescope which may be used to reduce a coi- 
limated beams diameter to a smaller coilimated 
beam; 

Rgure 41 is^a schematic view of an alternate 
embodiment of a section of the electronic image 
projection system in which an elliptical mirror ia 
used in conjunction with two collimating lenses 
to capture and use otherwise lost fight; 
Rgure 42 is a schematic view of s segment of 
the electronic Image projection system In which 
multiple condenser paths are used to capture 
more bght from a Rght source for use in projec- 
tion; 

Figure 43 is a schematic view of a section of the 
electronic Image projection system! in which 
separate light beams are caused to become a 
single light beam by. bringing the beams to 
separate fod and using a mirror to redirect one 
of the beams so that the two beams become 
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colinear, 

Figure 44 is a schematic view of an embodiment 
of a section of the electronic image projection 
. system In which mirror* axe used to rotate the 
polarization plane of a beam coming from a 
McNeills prism to make the resulting beam par- 
allel with another beam from the McNeills prism; 
Figure 45 is a schematic view of a section of the 
electronic image projection system in which two 
collimated beams are made contiguous by the 
use of a mirror; 

Rgure 46 is a schematic view of an ahem ate 
embodiment of a section of the electronic Image 
projection system in which a parabolic surface is 
used to capture and cotiimete light that misses 
an elliptical reflector In a light collection system; 
Figure 47 is a schematic view of the operation 
of a "FresneJ mirror" used In an analysts of the 
operation of an element of the electronic image 
projection system; 

Figure 48 is a schematic view of the one em- 
bodiment of a thin screen section of the elec- 
tronic image projection system utilizing a Fres- 
nel mirror and a rear screen; 
Figure 49 is a schematic view of a section of the 
electronic image projection system utilizing two 
Fresno I mirrors and a rear screen; 
Figure SO is e schematic view of an alternate 
embodiment of a section of the electronic image 
projection system in which a section of an elDp- 
ticeJ reflector is used to capture light that is not 
captured by a spherical reflector and a con- 
denser lens to bring the light to a focus at the 
eame point at which the aspheric condenser 
lens brings right to focus for use in projection; 
Rgure 51 Is a schematic view of an element of 
the electronic image projection system referred 
to as a Fresnel parabolic reflector; 
Figure 52 is a schematic view of an embodiment 
of the electronic image projection system in 
which a full color light valve Is followed by a 
lens array to create demagnrfled real images on 
the light vafve pixels in front of the lens array to 
allow for the projection of a full color image in 
. which the individual rod, green and blue pixels 
are merged; and 

Figure 53 is a schematic view of four lenses In a 
lens array placed In front of a full color Dght 
valve In an embodiment of the electronic image 
projection system creating a real Image of 24 
pixel color components after the lens array. 

DETAILED DESCRIPTION O F THE PREFERRED 
AfiD ALTERAM b bMbtoiM^hiT^ " — 

The present invention Is directed to A HIGH 
EFFICIENCY LIGHT VALVE PROJECTION SYS- 
TEM. This overall system was devised to over- 



come the problems of video display systems and 
to meet the objectives dilineated in the 
-Background of the Invention" section. 

The most promising technology available to 
s circumvent CRT problems Is light valve technology. 
This technology uses an external light source and a 
Tight valve,' which modulates the light source, 
imposing Image or data information on the light 
beam, so that the beam can be projected onto a 
to viewing surface. Utilizing the same strategy as In a 
CRT projection system, a tight valve projection 
system can be constructed to produce a brighter 
Image than a CRT projection system. 8uch a sys- 
tem could also be produced to display black end 
rs white, monochromatic, or full-color images. 

Of all known fight valve video display systems, 
the one which presents the greatest potential for 
solving the problems associated with CRTs is the 
LCD with a conductive matrix for addressing, utj- 
a? lized in transmiSslve or reflective mode, taking ad- 
vantage of the polarlzatlorVrotatton. birefringence, 
or scattering capabilities of the liquid crystals. Var- 
ious changes must however be made to current 
video display designs which use electronic muf- 
25 tlplexing to eliminate the current problems. Al- 
though LCD technology is preferred at this time, 
most of present the invention is applicable to Ight 
vahre technology In general and is to be interpreted 
with that broader view in mind. 
30 Rgure 1 shows three light valves, one display- 

ing red 110. one green 111 and one blue 112 
picture data, each light valve illuminated with light 
of the appropriate color (100, 101. 102). The red 
light from source 100 Is collected by condenser 
99 120. collimated by coiltmatJng optica 130 and pro- 
jected by projection optics 1 40 which focuses a red 
image on screen 150. Similarly, the green end blue 
images are projected and made to converge on the 
screen, forming a full color image. The disedvan- 
40 tage of this fuO-coJor system, however, is that ad- 
justments must be made to irte optics to converge 
the images whenever the projector or screen is 
moved. The need for convergence is eliminated in 
the present invention by the use of dichroic mirrors 
49 and a single projection lens as schematically 
shown In Figure 2. Red Image information from 
light varve 200 reflects off front-surface mirror 201 
to dichroic mirror 204 which reflects red Bght but 
passes blue and green light Blue image Informa- 
60 t0f1 '«fn LCD 220 reflects off front surface mirror 
202 and then off dichroic mirror 203. which reflects 
blue light but permHe green, fight to pass end then 
passes through dichroic mirror 204. A totally regis- 
tered full-color image Is thus projected by projec- 
ts ton optics 205 onto screen 206. Convergence is 
always perfect, regardless of repositioning of the 
projector or screen. The same Invention can be 
applied to making a CRT projector alleviate conver- 
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gene© problems. 

H a picture is to bo a mosaic of red, blue and 
green pixels, each pixel must acquire a precise 
amount of current 1o reproduce the brightness of 
each picture element's originally broadcast bright- s 
ness, as well as Its color rendition. Although 
present LCD TV displays using electronic mul- 
tiplexing produce a satisfactory small Image, when 
such images are projected to a targe picture, the 
transmitted light never reaches zero, causing low to 
contrast Additionally, with electronic multiplexing, 
crosstalk and electronic "Weed through" to neigh- 
boring pixels reduces resolution and color fidelity. 
Furthermore. Bght is wasted and the picture ap- 
pears dim vrith each pixel being turned on for only rs 
part of a scanning field. The image cannot be 
refreshed sufficiently and so flicker, as weD as 
brightness efficiency. Is dependent on the persis- 
tence of the LCD, which is not adjustable. . 

To solve the above problems, applicant's sya- 20 
tern can include a tight valve in which the data 
used to address each pixel is stored, causing that 
pixel of the fight valve to remain activated the 
desired amount of time until new data is received, 
dictating a different value for that pixel. The data 29 
may be stored by various means, but preferably in 
a capacitor which is disconnected from the charg- 
ing circuit immediately after it is charged so as to 
remove the path for capacittve discharge. 

Network analysis shows that when a given pixel so 
is addressed through its X and Y conductors, one- 
third of Its addressing voltage will also appear 
across other pixels. Since liquid crystal materials 
are fairly linear, this results in partial activation of 
Incorrect pixels with false data This can be alle- 95 
viated by adding means to restrict the liquid crystal 
from being activated by Increasing the threshold 
voltage of the liquid crystal, making its response to 
voltage non-linear,, or by adding a switching 
mechanism to disconnect the pixel from the circuit <o 
until it Is to be addressed. The preferred, way to 
accomplish this Is by adding a -switch" to each 
pixel, creating what is known as an "active matrix" 
addressing system. 

For Instance, as shown In Figure 16, an X-Y 43 
matrix of pixels mads of transparent conductive 
material, such as Indium tin oxide. Is coated on the 
Inner feces of a glass container which is filled with 
liquid crystal material 1800. Each pixel in a given 
horizontal row on one face Is put fai contact with a so 
gas such as heium In a reservoir 1810 which 
requires a threshold voltage to ionize it and create 
a path for current flow to the pixel electrodes in the 
row. The corresponding pixel electrodes 1620 on . 
the opposite glass plate are connected, for In- ss 
stance, to video signal inputs along vertical lines. 
When a threshold voltage is reached at which the 
gas tor a given row on the first glass plate bo- 
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comes Ionized, the video signals applied In vertical 
columns to the corresponding pixel electrodes on 
the opposite glass plate charge those pixel elec- 
trodes, the liquid crystal material between the 
plates acting as a dielectric to form a capacitor. 
Immediately thereafter, removal of the threshold 
voltage necessary to ionize the gas leaves the pixel 
electrode capacitors along the horizontal row 
charged the required amount to maintain the po- 
larization rotation through the liquid crystal material 
along that row until new data Is available to replace 
the data already stored. 

Alternately, an "active matrix" can be created 
by the deposition of a thin film transistor next to 
each pixel and by using a storage element at each 
ptxel. Each transistor receives a gate signal, turning 
it on and allowing the conduction of a video signal 
voltage to the pixel associated with the transistor 
that is turned on. When the transistor is switched 
off (by removing the gate signal), the pixel elec- 
trodes with liquid crystal material between them act 
as a capacitor storing the charge and maintaining 
the state of activation of the liquid crystal material 
until changed by a new signal. An additional ca- 
pacitor can be added to maintain the charge M the 
liquid crystal material has too much charge leak- 
age. 

This way, each pixel can be addressed, turned 
on (to transmit or reflect light) and will remain on 
until data for the next frame Is presented. With this 
system, flicker can be eliminated as in a progres- 
sively scanned picture. Each pixel will be on for the 
entire length oi a frame, immediately changing to 
the appropriate level of transmissrvity or reflectivity 
for the ptxel In the next frame. Each pixel will be on 
(the desired amoum) all the time, allowing the 
highest throughput of light from the external light 
source. State of the art methods of deposition of 
semiconductor material can be utilized to mass- 
produce such an active matrix system. Similarly, in 
addition to active matrix addressing oi light valves 
such as LCDs, other methods, including scanned 
electron and scanned laser beam addressing can 
be utilized In a Bght valve within a projector . 

The light valve can be used in conjunction with 
direct projection optics. A general overview of the 
present invention is depicted schematically in Fig- 
ure 17 as comprising a light source 1700 from 
which emerges a beam of light, coflimating optics 
1710 which collimates the beam, including a 
spherical or parabolic rellector 1720 which reflects 
the beam, a condensing lens 1730 which focuses 
the beam forward and coffi mating lenses 1740 
which again coHlmata the beam. The light valve (or 
light valves) 1750 Is illuminated by the collimated 
beam, creating a full-color optical Image thereupon. 
Projection optics 1780 then focuses this Image 
onto a viewing surf oca 1 700. To improve the qual- 
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£U£ * 8 K pr0,9cted <* ^Plained farther 

^^U! Bd i tom,no fu "* otor ***** 

•gained herein, may be used to fill in the spaces 
between pixels. ' 

.^J 0 ^ 6 rna * ix valve made by the depo- 

Sme^t £ " T 8 " 39 01 "* sn »» Mature 
hTh ""IT teyw8 01 and the 

nSl?!^ 01 B*"***™ P*ha, transistors, and 
otter features in such H 0 ht valves. A simple defect 

Zl?^™ ° mm "~ * *«°* *> oTpZ£ 
nendy on or permanently off and can render en 

1£?ZL^ET V8fy rotteeEbjB •"<> "wccep- 
^ y,8W ■"•"**»■ goes down 
dramaacaliy as the resolution andter sire of the 
di^tay increase end the cost of en acceptable 
display dramatically Increases. Techniques such, as 
"^rjttanaiator, at weh 

Ouaive pathtveye and the use of a laser to elimi- 
nate shorted transistors or pathways have been 

s^tk .S nP l^f* a ' 0r such However. 

"f 8 techniques, many defects are not 
correadsle. keeping yield low and. costs high. 

Appteanfe technique of placing two otherwise 
rSTt^ ^"toWwith sp ££ 
ate display dnvers greatly increases the yielded 
reduc^ the „„, of product, active matrix die- 

andWZO separately is unacceptable because of Hs 
relasvely few uncorrectable defocta. ,911 and 
1921 respectively, two rejected displays can be 

"M? d8teC °' °~ «° "°« <**■ 

J^T?, It T 8 01 th8 othw - Th » ouiput 

tees or the Input faces of the two displaye inust 
hi f !JL 0n9 another ■ conventional LCD which 
<Z» TJ 1 80 *8 ,8 ~ » half wave 
Plate is placed between them). This way. vertieallv 
Poured light, fo, ir^ee. entering J^to 

SL2T- !2 f^* " ,0t8ted «°legree?by S 
Cry ^ ma,9rta ' "hen no current la appfied. 

r^Lf!. OWput ,8Ce °' ,he aooond display and be 
££?n* ^ "-^a- <= become 

verticajy polarized and exit the Input face of me 

£^^ C r 9qUenU >' "° eel 
oe placed between the displays. 

Although trenamission light valves are preferred 
h. appteanf, system, reflection fight valvea couM 

£ 't? W WB "' Whan "f»^9 »quld crystals^ 
the ecflve medium, use of the twIsteTr^ 

J? C "™ nBy the moat common method re 
modulating the light to produce e satisfactory Z 

dot n2^' 2* °" ho * w,!rt8d 
does not work well m a reflection Dght valve. This is 



because polarized light which enters the light vaNe 
<P°larl»d, for example, in the vertical direction) will 
rowe 90 degrees, hh the rea , refleclrel^otl 
otck so degrees upon passing a second time 
s through the twisted nematic cefl. Thus the light wOl 
exit predominanUy as it went in with the initial 
^ato^^vhen there is a signal causing a volt- 

10 ?i T ° Cryfrta,s ^ tec ^« perpendfcu- 
w^ B ?^ depending on 

^f,? Thu». «9« omerinfl the cefl wfH 

pass through the cell and reflect back out unei- 
• J 8 ^* wh8,her w not a vortage Is applied 

»8M comes out of a reflective cefl^ocSS by' 
the twisted nematfc effect 

A reflective Squid crystal cell can work uHUzlna 
s^aattortng or the birefringence ot the liquid crystal* 
20 A^^^rnatraOghtva^ecantocort 
f^^f 111 *™Y »*Y* For mstanoe, a single 
con chip can be made into an active matrix utilising 
«ato of the art silicon chip fabrication technofooy 
such as Proposed by Hughes in the 1970s wfth 
reflactive pixel eJectroctes on the siDcon cWp made 
w of a material such as aluminum. The opposite 
faces of the cell can be made of glass with trans- 
parent indium tin oxide pixel electrodes 
b^k^u 9 me « 8tt * rin « *«*ct (see Figure 20). 

« : k*?" 1 ^ WU ^^"^ epecularfy 

[fw«ing back surface, end reflect out of the cell 
for focusing, for instance, through an aperture 
V s a 5ch»'»«n type opticeJ system. When 
fj^ 8 te fiPPfi«d «n a given area, light is scat- 
« P" 1 ^ 0 " » the vohage. preventing rt 

35 ^ m b8,nQ ,ooa8 «J trough the aperture on to the 
screen 2020. To make use of the birefringence of 
Bquid crystal molecules, a cell can be conZcted 
wherejn the liquid crystal dlpoles are orierded ei- 
ther parallel or perpendicular to the faces of the 
40 » somewhere in between, depending upon the 

f^'^f Ws case, polarized lighienter. 

mg the cell when the molecules are oriented per- 

46 ace wrth 119 Potanzation unchanged. However, with 
the proper cefl thidcneas when the dlpole mol- 
scutes ere completely or partially parallel to the 
cell's faces, the blrettngence of the liquid crystal 
,„ HI?^! toS Wffl 081,80 th8 crystal material to 
w act Eke a quarter wave plate of varying efficiency 
J*"*'*"" passa 0 e ^ and out of such a reflective 
ton r ^°l U9ht ^ ^ »ts plane of pdarica- 
' to Wme (^P to 90 degrees) 

55 f^ e lhrou f ce« making the cell operate as a 
half wave plate). ^ 

Heat and ir radJatton generated by the re- 
qu.red projectJen bulb are sourcee cf W ed rest 
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turtoo and contrast, as welt as color ami oray-levef 
distortion, and could damage the light valve. Heat 
end IR. Rke the light. Irradiates the Ifpjtt valve In a 
Gaussian-like pattern, causing a -hot spot' In the 

SSL?.*" ,i0M Even M da ™9* 

WwoahoW Is not reached, image degradation could 

stfll occur because the fight valve expands, increas- 
1*9 the distance light must travel through It When 
the polarization rotation effect is used, the rotation 
ol the plane of polarization of the Bghi passing 
through the Ight valve could change, throwing off 
contrast resolution and color and gray-level rendi- 
tion in a Gaussian -like pattern. 

Several steps may be taken to deal with the 

First, all optics including the light valve, should be 
mounted with good contact to targe heat sinks, as 
is done, for Instance, with power translators. Optics 
Irt the system. Including the fight valve windows, 
can be made of or coated with substances such as 
diamond and sapphire, which have excellent optical 
cnjafrbes and unusually high heat conductive caps- 
bffitles Additionally, all optics can be coated with 
material of proper thickness, such as is done for 
dfchrolc reflectors to reflect the infrared (IR) spec- 
trum. IR reflecting mirrors and heat absorbing glass 
. can aiso be used In the optical path. Additionally, a 
fluid means such ae a liquid or gas In a container 
consisting of a large body of index-matched high- 
bomng-poim fluid (liquid or gas), can be used for 
further cooling. This fluid may be static or circuiat- 
,n !"f ln a contained area and placed In contact 
wtth the oomponente -to be cooled. Alternatively, 
instead of transmlssive optics, reflective optics 
8uchas optics made of metal can be utilized for 
further heat sinking and to suppress reflection at IR 
wavetengths (with anti-reflection coating for the IR). 

Anti-reflection (AR) coatings can. of course, be 
used on all optical surfaces to reduce light leases 
due lo reflection at those surfaces. Such surfaces 
mclude surfaces of lenses, hot mirrors, heat ab- 
polarizers, prisms and light verves such as 
LCDs, including the Internal surfaces of the glass 
n^t °?™t 'Wharves to reduce reflections at 
n£°« fl ,ass • crystal bound- 

aries. ITO liquid crystal boundaries, etc. ... 

Cooling fans may be used to cool the light 
valve as wall as the other components of the ays- 
tern. Ducts and narrow tubes can be used to pro- 
vide cooling to specific spots. However, a fan can 
peso a noise problem, particularly noticeable when 
?U?1* VOtUmo 01 m ° *Y*tem is at a tow level, 
particularly In a small room. To suppress the noise 
on air baffle- may bo used between the fan and 
the outlet of. for example, a housing for various 
components of the invention. Rgure 16 shows e 
sound suppression system, comprising rah 1600 
resting on platform 1620. Airflow blockers 1830 



forces the air to traverse a curved path wfth deflec- 
tion prior to exiting the housing through outlet 
1840. The surfaces from which the air and sound 
reflects are covered with sound absorbing materi- 
s ale. greatly reducing the noise entering (he listen- 
ing environment Since some noise will stfll be 
present at outiel 1640. a further measure may be 
taken for noise reduction. This measure could com- 
prise microphone 1650 which picks up the remain- 
to ing noise and sends ft to an amplifier which Inverts 
the phase of the noise by 180 degrees. The In- 
verted noise la played back through speaker 1660. 
By property adjusting the volume and phasing of 
the amplifier, the remaining perceived fan noise 
is could be substantially reduced end made prac- 
tically inaudible. 

Depending upon Ihe brightness of the light 
source utilized and the physical and economic con- 
straints of e given system, some significant 
90 Gaussian-like heal pattern could remain at the light 
valve end could change with time as overall heat 
builds up during operation. An electronic approach 
can therefore be used in conjunction with the other 
recited remedies to eliminate the problem. Modify- 
as Ing the electronic field In opposition to temperature 
effects will substantially cancel the distortion resul- 
tant from such effects, since the degree of rotation 
of the plane of polarization of the light is not only 
pendent on the thickness of the light valve that it 
30 passes through, but also upon the amount of ap- 
plied electric field. The result win be uniform per- 
formance across the light valve. Such a system 
would use a bias voltage applied differently to 
afferent pixels, distributed in a Gaussian-like pai- 
35 torn ecros3 the light valve. A thermistor or other 
temperature-sensing device, placed at the Oght 
valve; can monitor overall average Eight valve tem- 
perature, adjusting the Gaussian-like bias voltage 
distribution as the temperature fluctuates, using an 
40 electronic feedback circuit For even more accurate 
temperature control, a tnermistor-type device can 
be deposited next to each pixel in the space be- 
tween the pixels to independentiy control the heat- 
compensetfng bias of each pixel. 
45 m&c ^ e matrix- will aDow tor more bright- 

ness in the projected image than a multiplexed 
array and less heat will be generated for a given 
level of brightness. Addressing each pi*©! sepa- 
rately in thie way eliminates crosstalk. However, ail 
so the conductive pathways, transistors, and capaci- 
tors areata sifcstarroaJ -dead space- between pix- 
els. These dead spaces are generally in the area of 
overlap- where electric fields from neighboring 
pixels could co-mingle and produce false data 
55 '«*uclrig contrast and distorting the color mix 
Placing an opaque, black, reflective or other cover- 
ing over these areas serves at toast three pur- 
poses: H stops passage of km property modulated 
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^L«.^ k,tetod " Bnt P 888 ^ * *• screen 
£Sf? •""'«>"**«» <«>m damage dueto" 
^Mtaflon from *s Intense light ma 

ered area may be a fraction of Una afe, « a pj, 

Aa an alternative to using three a 0 ht varvesto a 
Wioctton warn to ^ 

"""J »ay* to construe, a full-color projacflon 
•WM, using a sine* tight valve, a simirte ~ 
P«* «nd Inexpensive Mhcolor video protection 
system may bo constructed using , JSS^l 
light valve. PrevlouaV fufl-ootor. a reel Jet 

e^atreclad with . single full-color- LCD. whw 
entorged by projection, hr^eve? 
•^eral problama explains hereto becorrTappI,. 

and m^ nd4 rl ?RT ' baMd W •**»". -W. blue 
M ^ ST' ^ ^ Mnt to -«J blue 

and green phosphor spots on the CRT face Anato- 

ST* " d " W - V,8W ""^ LCD «.rZ 
™<i. blue end green pixel data are sent to adjacent 

* •»,"» Th«. arees are teen cev^eTby 
re* Hue end green fitiere to appropriately oolor the 

SLnSTS thOSa LCD I*-' .1-nenS 

nfaT. JS** B ^f" 8 «™»»ment of color 
Photo In wwchphels of a given color ere tocSS 
above one anolher creating vertical color stripes 

o^n^Tf* «n» nu*s up a 

£S ^" hich "Presents . single, full-color pLl 
*■» the actual image. Figure 15b depicts an at 
tomato arrsngemerrt of pixels in which the three 

£Sa in " COtor , ,rt8d ™» «•»»•■ to fore, a 
War**. In the preferred single light valve embed). 

ZSL^ M '" COto "9™ ^» can be m£ 
P««ton 1750 in Figure 17 to produce .KJ 

In one embodimem. e single r«jht valve 2im 

" "JJ mode to etectronicelly 

e^onic d^ , ^i 9W p *« 2 "° • 
n«^, L corresponding to the green compo- 

ZihTl! ' m0 me '•ecttoUc data represent- 
^ »• btai component of .he Imagewnrtdrtw 

JTi ul ,ioh, ^ 2, *> (Sae^e 

210 Ught from these three Image, can thsnta 
overlapped and projected through proJe^oToPtlcs 

rfocSt^t" T 66 ^ Emmery 
hm^J ™ fr aV J° m '«*" component 
™age. <« must be optically equidistant from each 

OnT't *, ^P"** "» » numbTol 
„ ay8 - ° n8 » mor8 lensesdl can be positioned lust 

TJ£ T£Z 2100 ,0 •** ™ 

a mnee lnla B es through u» same 
f^f" «"~9h the IhreelmaBes^! 
traveree drtferent light path.. <S« Ftgure 22.) Z 



rZ^ , ^ rTeC,ton ' ena 2201 M correct for the 
distance drfference In the straighMhrough path m 

tengths can be matched by the appropriate uwof 
mSZJ? ««mplo. depicted™ F^e 23. ^ 

coS vlo^ tf"' "? 1,8 UMd to P"""" the full- 
color video lmag B . An example of thia type, of 
,„ Wrth ' «"<><•> "9ht vaM, is *ow„ Jr^t 

In this setup, light from fight source 2400 is 
coltected end couimated by oJL£?££%£ 
Ater passage throuoh a quarter »aveptete 2420 
» Zlrt^Tl'J?*"** P«^^ cube 2OO0 
(ftthe eubeto front-surface mirror 2430. This re- 

a^ough the quarter wave plate, back through the 
condenser optics ||g M bu*. aod back ftVou* 

tertzad Bght. having passed twice through the quar- 
M II. .retetad 90 degree, ^bseorn^ 
r^T^,^ n «?" now pass through (he cube, 
result, ng in utilization of e majority of the sot™ 
« l^t even u.ough plar„ pcterizeSon ie perfom^ 
■„,„ ^ m,rro ' M,U P 2440 separates the light 
Inured, green end blue beams which reflect from 
pam equatodton minora 2450 and PW^S 
«- »9«.l,valvo 2.00. whicb is ad*^ 
SS.^ cotor^rnPcnerr, Imeges. The figre re- 
T,** " 9M ^'^ retraces its path to 
we projected image is converted by the Oght vaJve 

*• U,ner surfac » •* »» cube and 
exita through the projection tons 2220 to tee 
screen. Non-Image Bght remains P-pof Bribed and 

SvTm '^f * e K CUb8 and " ~"*ctod irrtotte 
a^tem. making the projected Image somewhat 

^ang^T b ° h " ,d " ^ be uald In dtl. 
dB J^^ onal, y- m ade LCDS, color filters are 
- ?S L^" ^ ^ tCO. This must 

, be °°" a because any difference in physical loca- 
tion of rn B actual LCD ptxela and lhVooio7fine?s 
coloring them will produce a peraHa*^™ 

SSL'S. 68 J*"*!" 83 mte "*<*"»d o, In- 
correct colors when viewing a direct-view LCOIrom 
«o any engle aside from head-on. 

Since the specs between me glass plate* for- 

depodllon of color Wters requires a high degree 0 f 
thickness control as well as color frSflsrrtsaiXami 
* ov^all sansmisslvfty uniformity ,„ sTcTmT^C 

^^f u ^' to l < ' tai "«o tho possto^ ol cor? - 
tam-nahng particulate matte, , n trw coering chemi- 
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»» apace m botwean me glass plates 
an™, ■ '!!!^ ,ro ** vw - P™8ems the unique efto- 
S ^V*** a Oght valve can be illuminated wttn 
sere™ IS «9hl and viewed on a 

.Wh^Z? ^ " n6 ' 8S " v8n thou B h «0ht passes 
S B ,° hl v8 *» •"balanHally to . S 
dfreeaon ellmlnaa„g any possible parata. ^ 

« **«tor right vTwes 

noT^J^Tf C °' 0r fi,ters Wcknesaee do 

X£ f„ " precis8 'y controlled. Also, being 
H^^ 9 , »» «8W vrtve oavfly reduced 
toltZn?!"*" B%MeBaa *««mpleWand 
S£ "« «* of light vslves^C 

^""IS. 8 . »0W valve can create an- 

cT^fCr lch ' a,thou a h "« very ndeeaWe 

Th,B B ' O0l8m '» • poor con- 

bast rat,o and poor onto, tideltty. To undere£"j 
end correc, bus problem me -oddnga otTZ^r 
LCD display must be analysed. 

The following discussion explains (he nature of 
^problem. The transmitted light interim 
'J**-* "omatic liquid crySal dpvlce. under 
no applied voltage, with a cr>ra2. MtSZSZ 
rXST * M on me 

^Z^UTT ^ *» crystal 
^ 71 can equal aero for only e tew 
""que simultaneous combinations of values tor 

intaLi? fc L 8ny 9nen < * ) " tta >- *•» transmitted 
22 „°' £° " bteck " "°» occur. Thus. 
fl^c^'L™* ang ' 8 - an<< crystal thickness am 
^ *i?*y "> • conventional light vafce ^ 

flat plates), only one color can go to Wack « a 

t V ° ,toBO " changing S low 

"Won. than a different color can go to black TWs 

1 t^^l SimulBneous, V (and thus llmte poss? 
bv ^^'J!^ 8fn °° porcaiu « J color b produced 
by eddrton. thi, eliminates true color fidelity 

To further oiustrete thia problem, the dashed 

tZ Z 2ET 8h0WS 8,8 «"»»"«ted Intenalty 
^ SL ^ "* 8p8Ctnjm Of 8 standard full-cotoc 

«^>ws *e nonHmear transmldance veriaSons for 
used In a fuller LCO of 

Ww. ^d (rarwnlsstoa tor instance, b « eZi 

0^ barwtmisfton Is about 5 percent. Having no 

one of me mam problems wtth today, LCDS. To 
* 0|V0 ml » P'oblem. one of me variable given 



oTd2 ^,^ 0,Ven vCtaga. This can 
be done by electronically biasing me pixels, which 

s 1 S^T* 8 " With ^ ^"sponcT^ to two of 
5 ^° color components (such as red and oreenV 
Thb^ouid ceuaeme ne, transmteMty 
£ and, green pbreia to equa. m, baru^lsatvtry of 
tbe blue pools, vmen no signal vottages are 
,„ p I ese ^ ,or ^ Pfcela. With proper selection of d 
ro all colors win be at e minimum. ' 
Alternatively, the crystal thickness (the apace 

ta^Li" 8 * 8 '" ,8 crystal) can 

beeeleeted under each color Oiler such that at 
«ac«y aero (signal) vote, the proper " 
'« Imposed on the polariaed light for Js^lfe 

01 * 9 ,hrea M,s o« color fitters, the 

m^L'T" 1 - ," 0W ,0 ' «*h coio, win be 
trarwnmed w.m no voltage applied. This, again will 

^fl B H b " Cker "la* and mua a high contr^ 
JW8 Ml .s accomplished, tor instance II stepped 

T 0 ^" 8t< * in8 01 °" B P^ 8 *"0 toW 
<«Uce steps sa illustrated in Figure 12. 

„ ^ . ""'"O a Bght valve wtth such a "stepped 
c^hTn ^•a"* Cfyat81 «**"«s-w.vete^ 
STuta^r 8fl ° W 81X8 Wack ,or 811 ^ colore 
armuteneousV and a linear relationship between 
«Ppn«« vottage and ttansmltted mteZty foTal" 
colors rirrHilteneovsty. This U demonstrated by 

riTL . (80l f ,,ne, wh8ro «"n^.«h» is needT 
f!?^ 8 " C0, « 8 almuttanecKSly wtth no voltage 
ml^nn w '» P«»« B. where me traS- 

^°° k * * 00,0,8 VBrt9s wtth voltage simulto- 

58 .^'"J? f *J!*" Vt *n»nstr8tion model, using a 
stepped I thickness, cavity resutts in a contrast 

* JO. h 8h 88 10ft1 «oo«y ap~o«h. 

log mat ol b CRT. This high color fidelirTcanbe 

fto^Tfn !S T 8 ^"' 8 th9 edacity of conven- 
^ r^ COl>r LC <fispl8> ' a - *" do «ed Rne repre- 
JJ^X^SS^ o* a" LC color display with 
ZT^.^. thlCkoess8s and the solid Br» repre- 
sente the chromaocfly of a conventional CRT. 

I^I JL ^ L^' mak8 ' "P 8 ^act-view image 
create the Utelon of color In a scene as theyare 
auwosed to eppear. However, when bib Image Is 

™* fl ^ pbt f 00 ,on ear merges to produce prop. 

Kn^^rj" 0 ° r88n ar8a8 ' <">«**°9 from 
r^ 8 *^ 01 * eo,0f8 ° ""ago- Fur- 

mermore. dead spaces between adjacent dixel 

8 T ,h8 "O^ vaVe magnifieTas w^ 
^c«a«ng a diajointed. disruptive, unnatmel 
toowng Image. The appearance of disjointed red. 
Wue end green spota Instead of actual colors Ina 
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J^o£ light valve can be eliminated by various 

the UHS!?T 0d mGth0<1 01 ^"^ating them tn 
the projected Image, utilizing a slngi*. m cofor 

j[ *n*Bs the use of lens «tj£ ngure« 

aho^> a h^color light valve 6200 Z red.g^ 

and blue pixels arranged in horizontal rows 5210 

The irows are preterably arranged so that each 

l^L***" ty ***** **» the 
ZES^^T*"* many **« *™0ements 
ft! EZf^L* tens array $230 Is placed In front of 
Oght valve and behind the projection lens 6240. 
The lens array could comprise spherical lenses. 
aWiough cylindrical or other types of lensea^S 

£ ^'JL** * 13 1/2 the width of a pfxel 
on the light valve. The curvature of each (enslet 
and the distance between the len 3 errey and the 
f|Ohtvalve can be chosen so thet each tenslet 5250 
creates a demagnlfied real image of a portion of 
the Bght vatve. floating In space, slightly In front of 

^JfSLl'"*' between the *** array and the 
P^fion lens. Other arrangemants are. of course, 
possible. 

As shown In Retire 52 (inset) 5250, the real 

K SE?*^* a 8inole ,en$h * contains data 
*ojt i epfceeta. These 6 pixel imarjes come from two 
tonwrrtol rows rnth 3 pixels on top and 3 pixels 
below. Other lens sizes and curvatures couWte 
^tn***^ ima 9* could contain a different 
Z? " 01 P ° Wl ,m80dS Producing eseen- 

Sa^E *T T 11 - ^ 0f *• S« array 

8 ^ ates ** P^es of best focus of the red. 

and the image Informs- 
«on d.splayed on the fight valve. The projection 
ter^ocuses through th» lens array onto the plane 
of me teat lma 0 e focus, near the plane of the light 
vahre Since 4 tercets 5300 (see Figure 53) oo 
cupy the same amount of space as a single pixel 
6310 and each lenslet produces an Image oTe 
***** *'» «»■ ^ image focused^ the 
screen of a e,ngle pixel will be the superposition ol 

are not 24 different pixels, but contain the data 
from only 8 pixels on the fight valve (which mav 
conespond to only two pixels m the ecLlcer^ 
c^J**** ******** to create the^e 
2*?™* contain some of the same informt 
don as the previous 24 dots or some portion of the 
same dots and some new ones. Consequentfy 
each adjacent pixel Image Is a weighted averaged 
appr oximateiy 2 triad*, causing only a slight reVuc 

l^ l^ 1 ^ Mow8VW - Sw,7cret 
a^bce image Is an out-of-focus superposition of 
fA***\ '* °° ,ora combine to produce a net unl- 

t^tfj^ f?^ C0,0rs ,n me correct locations 
to a sufficient degree of accuracy so that the Image 
appears essentially unchanged from that projected 



without the lens array, except that individual red 
green and blue dots are no longer visible. This 
blending process also eliminates the appearance of 

s ^^Jf^.^ ™» <™«n*d ^notion 
a eliminates the appearance of pixels altogether. Use 
. of an artamorphic tenslet profile, or the optical 
oquivatent formed by crossed lantfnicular lenses is 
Pj^ed so that the -blur- te only a mix of one 
roa > °ho Qreen and one blue pixel. 
70 Whefl constructing a rear-screen display unit 

Is built into the unit This allows for the addition of 
optica lust before the screen. If the image projec- 
ted onto a rear screen hae Individual red. green 
ts and blue pixels, a lens array as described, which 
. f cr ^stance twice as many lenses es there are 
pweis tn each orthogonal direction, can be placed 
?"**!*™"' ,ma 9° **t*1o ^e screen. As 
explained above, each lens element can create a 
w damagnified image of one or more triads In space 

L^Tl IT* $a ™ ««mber of 

lenstets as there are pixels can then focus a blend- 
ed image of the nkk pixel onto a nearby screen 
M P^ 00 ***** °" ■ Ptene near the original 

n^ P i 8ft L2!L 0n ^ ^ cf real biages of the 
h^oH^^T 8 ' *° Indivtdual color pixel* w0l be 
blended Into fuD-color pixels. 

Ahernathrely. a single lens errey can be used if 
it is made in a special way. The single array should 
*> have the same number of brwlets as there are 
^dividual colored pixels. The array is placed after 
the Image that is to be focused on the screen. Two 
of every three lenses In the array also have a built 

« 80 ^ lmagQS of a »® aU be 

^f^ 00 ? 0 f "tfey ecreen overlapped, creating 
fu«-coior pools. The wedges can. of course, be 
separate from the lenslets. These last two tech- 
niques can also be applied to a CRT or any Imeg- 
mg device which normally displays individual red. 
<o green and blue pixels. ^ 
™J!™* 10r "^cc" of creating full color pixels 
IT *?™ . U8 l of narmw W 9W prisms or wedges. 
^^T!li n nQUrB 2a ' ^° «edges can be 
S^L^ * deaf " 8pece ^tween them at any 
43 fj 4 ^ h tt » »y«tern as long as they are not placed 
too close to the Bgh! valve. Since the light diatribu- 
TJl ? au8sian ' *8« to concentrated 

w!l 1° a" three Images equal in 
«« S^Tf 55, * c,ear canter section should there- 
I^^ 8 8maUar ^ ^ *«<fce section. Alter- 
wnveiy. to produce a more uniform Image, the 

di™^ 8n ^ ,nt ° mn and Inter- 

dispersed with dear spaces. H the wedges are 

as ^M SOm r' ,Gre b0twofln ^ »9« source and 
» U^e light valve, tney win create the equivalent of 

va£ ZZ ^ nQ i « e0ira3 ' i,tum ^0 ^ light ' 
verve from slightly different angles. This will create 
three slightly displaced images on the screen. 
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Tlte wedgee can also be positioned soma- 
where after the light valve, such as after the prelec- 
tion tans. Such positioning win create three Images 
on the screen, each slightly offset from the otheT 

If the wedge angles are properly chosen based 
on simple geometrical considerations, the Images 
^*?*> X * ■» **h * on. pixel. TheT* 

£rH£! 906 IhBn *» ^Perlmposad on 
^ nrtghbedng green pixel, of the second Image, 
*h*h ^11 be superimposed on the najghboflng 
Wue pixels of the third image, coaling 

*M not be visible. This technique wiD work wen (n 
."If 8irea "»st groups of three pfxete in en 
fchage WW most likely have the seme £tor value. 
J*?™^, *«e this technique wlU create a alight 
problem la at the boundary between two very 
fcrent areas. At the boundary, when thereto an 
abrupt change n color andror brightness, two of the 
ph-eta that a,, overlapped on neighboring pixels 
w^U bo ovartapped on neighbors that should have 

ton wll heoorn. apparent, creating e more Jagged 
tookrngj «jge at the bounderies of the viewed bn- 

^I^Th areas °* conslam cotor within a 

scene, the less noticeable this will be 

th. HCSST to e " m,note «he appearance of 

£ individual colored ptxele Is by the use of e 

t£Z n 7ZT™ " deplc,8d in "8"™ •»■ 
l ^ ahangement of Figure 15a. 
wtandual red, blue and green pixels can be made 
to overlap by the foltowtog anrangament 

^Z^^t*™"? tt " > '"'^ R 8« valve 
802 and tots drchroc moror 803 which reflects only 

™ bluo "WO*- The remaining red and green im- 
ages pass through dicttroic mirror 803. hitting efich- 

£•9* eltowmg the green image to pass through. 
^•^•^ «*•«•<*< otf front surface mirrore 
n™ 2?J" °" dichroic mirror surface 

80S wNch reflects only blue light Here the blue 
"™*> rejoins the green Image. By adjusting Iron! 
m^, 0,0 and81,,ho "lie prxelslan^e 

made to overlap the green pixels. The red Image 

h^TT ~ rfSe » "*"»» 8 » «*« 021 and 
toh? « IS" 0 -'SZ 0 ' 808 only reflects red 
toht At 820 and 821. the red pixels can be made 
nTZl*?' ZT* ^ «*» and green rZte 

oe^sS^ t Wh * C °j" d 69 matchod "** » com- 
pensating tens as described herein or additional 
mirrors as atoo described herein. At this Juncture. 

tween pixels as ffiusttatDd in Figure 4 

It fndjvfdual cotored pixels are arranged on the 

color tnad forms a triangle, tanging the red and 

them to superimpose on top of the proper green 



Pjxe Is since the proper green pixels are vertically 
displaced from their corresponding red and blue 
Pixels, Consequently, this type of pixel arrange- 
* HOX "t™ 0 ™* tfchroic mirror path 

SSZ ^ b V rod and blue light 

This Is depleted more clearfy In Figure Bb. which is 

in^L ! W •y* tor " 10 «a modified to 
Include an additional light path. CdlDmatad light 

tQ S«r^!l! hrOUQh W, " cotef 902 as 

802 and I dlchrolc mirror 903 is Increased to allow 
»r the insertion of dlchrolc mirror €50 which re- 
OreenBght and transmits red and blue light 
rs ^o^. 003 reflects blue iigr* and transmits red 
'« light. Mirror surfaces 004 and 905 are Front surface 
mirrors. Minor 806 reflects red light and transmits 
Woe light As before, mirrors 910, 911, 920 and 821 
are front surface mirrors, in addition, mirrors 860 
and 970 are also front surface mirrors. Mirror 980 
» 5 a dlchrolc mirror which reflects green light and 
transmits red and blue light. By this modSed^ 

I^eTT 1 f?**' SWrati0rt <* mirror 910 from 
^ration of mirror 920 from mirror 

as llLi? ^^ th ° OVWlap ^ m * ^« and blue 
^L 1 ^i tto T y ' ^ 88 Paretion of mirrors 
^ i?,^ the Omen pixels to 

overtap the already joined red-Wue pixel pair. This 
^^JTT ^Oament may also be used 
~ , ^L^l COtor ,i0ht valvo whose arrangement 

mirrors 860 and 870 adjusted to prevent vertical 
dMacement of the green pixels since they are 
already in line with the red and blue pixels. The 
separate mirror path for the green Bght makes the 
f^rH* l ? VmB8d by ««* colw equai, which is 
l^L^T HQK conimated. 
et.n expands with distance traveled and the projec- 
.on tens must focus all three Images simultaneous- 

2^ ^ ^ s ^ tofi »^apaces between 
S^Li k 5Cnbed eteewtW9 ^areln) for final 
prolectlon by projection optics 940. 

oon^^' fn FtQUTB ^ w«-wt 810. 811 and 

45 n^'JS ^Z ^ u * " *™ 'o ^se the 
« red and blue pixels to superimpose on the proper 
green pixel. ^ ^ 

In another embodiment for the elimination of 

!ZS^™ 01 ^ gt9Bn b,ue Pixels, da- 
Pl«ed bi Figure 2a, four special mirrors are used, 
w Each mirror has clear spaces and mirrored areas. 

JTJi 1 * 6 mlTrOT * 2910 and 2920 have ordinary 
mirrored areas coated, for instance, with silver or 
alumuiurru which totally reflects light of any color. 
J_ Z™*"* spec{al mirror's 2930 reflective coatings 
t* Is dichroic and reflects blue light and transmits red 
green fight. The other special mirror's 2940 
r^ctve ctehroic coating reflects red light. As 
seen in Figure 29. the mirrored areas of the four 
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On each mirror, the clear 8 pace between every two 

Light from red pixel #1 »50 passes through 
the clear area of the first mirror end reflects off the 
3*?°™ ^-cond mirror downwan! £ 
^, ^reflective area of the first mirror. The 



»f-.L.. , ^ — — « v , u w ium mirror, ins 

^ Ifghi is then renected upward, passing mrough 

passes Ouough the dear areas of the third and 
fourth mHors. 

2960 passes through the dichroic mirrored area of 

r^T 83 ^ *«* Of mirror 

pas i? s ^"Oh the dfchrofc mirrored area of 
mirror #3 and passes through the clear area of 

^°'* 4 , 0nd 15 ^ imposed on the light 
that came from the red pixel, 

Ught from the blue pixel #3 2970 passes 
throuoh the clear -paces in mirrors #i. C2 andVs 
the l "* w «' *™ irt mirror #4 down 

dtJ^L^* 01 !] ^ rreWd 8/08 01 mbw #3 - This 
dichroic mirrored area reflects the blue Sghl ux> 

and green paste. Thus, we have created fufHxjtor 
pixels wen spaces between them. 

In an alternate embodiment (see Figure 30) 
iwo special mirrors are used. Each mirror has pror> 
erty mounted 4$ degree drchrac mirror eecttori 
7T« firsi I mirror 3010 reflects red light and transmits 
blue and green, while the second mirror 3020 re- 
flects blue Ogfrt and transmits red and green. In the 
arrangemenu red light from red pixel #1 reflects off 

IIL^^*?'* 8urtacos warily through tne 
second blue dichrote mirror 3020. Green light from 
Qreen pocel #2 goes straight upwards, passino 

Blue light from blue pixel #3 passes through the 
H™^ 9 n '" mirror and reflects fjff two 
Wue djcW mirror surfaces in the second mirror, 
^ndmg it in an upward direction. As before, this 
arr^r^nt superimposes the light from the red 
Z^Z^° ^ 8 «ngle beam. creatTg 
full^oior pixels separated by spaces. 

Three special -mirrors" (see Figure 31) ere 
used ,n another method of creating fuller pixels. 
Each mirror" consfsts of property placed 45 de- 
gree dichroic mirror sections. The first mirror 3110 

^ ^ r J*?J- T*?"* but transmit, 

ing green and blue Gght The second mirror 3120 

ZZJZH!? J^^™' deling. green Dght but 
fransmittmg ^ Hght ^ ^ ^ dichruic W 

3130 Is a blue dichroic mirror reflecting wue Dght 
^«*fl '<* ^ green light In ft Is arrange- 
ment red light from red pixel *i reflects off the two 
regular mirrors 3110 Into the upward d,nac*£ 
passing through the green and b^ichrokTm^ 



rors. Green light from green pixel « similarly 
^ rfm ^ ft <n « "Pwart" direction and 

2SL? a blu8 ^ *> 8,30 off two blue 

^fii^T* 3 1 30 ' upwardI y 'Wrtmposmg It 
on the Ifghi from the red and green pixels. Again. 
nJl^color pixels are created separated by spaces 
. ^f** otter sminoements can be devised, 
re also utaiafng dichroic mirrors, to superimpose red 
preen and blue pixels. As another example, the 
em r? n ? fr °m the projection Ian* can re- 
flect from two "sandwich- surfaces are separated 
by a prectser spacing. As an example, the first 
15 mlrro [ Mndwlch can superimpose the red pixels 
onto the green pixels by the action of a red dth- 
™ t £™ *»• The second mirror 

sandwich can then superimpose the blue pixels on 
so ZJT^o" 9 ^ ^ Oreen pixels to form full color 
Larfl8 8pflCes 12 P^^ 8 ^) wi» he formed 
between resulting fuO color pixels which can be 
eliminated as explained elsewhere herein 

visibility of red. green and blue pixels could 

* n^ h l?!^ 8ted * USift * * rin « te ' ^'ativefy low 
^ WOn ^ wilh 8 Wshare tcanning* 
technique. By dividing time Into small segments, 
each with different data presented to the screen 
the eya will integrate the data over time, seeing the 
sum of the data, as If each different data presents- 
JO ton were being projected simultaneously onto the 
screen. However, time-sharing of visually-presented 
data must be done properly or else artifacts, such 
as flicker and reduced (mags brightness, will be- 
come apparent to the viewer. 
* As an example, if the light valve is addressed 

with red information only, and only red light is 
projected through the light vafve during lhal time 
^edbythe green and blue Images similarly' 
projected, the viewer will perceive a fun-color ln> 
40 ^"^T^L!? 006 8 rtandart video Image pn> 
■ ^T 68 PW 80Cond ^ 8,nco «fcl«r is 
Jl many ylnm9 * mjquei.cy. 
dividing tfme Into segments as described, would 
produce tO images per second for each color 
48 creating a noticeable color flicker. In addition If a 

, 8 ^° a b ^ 0ne cotor (as oftBn happens In 
real Wo), then the entire area win be black for two 
out of every three time segments, decreasing per- 
cwved brightness to one-third and creating a 
strongly pronounced flicker of the entire area. This 
problsm wsa studied In great detail In the early 
days gf color television, when CBS attempted to 
develop their sequential color system, using 9 
ning color wheel in front of. a menoc^rome St 
problem encountered when using this 
r^thod is a marked decrease In image brightness 
due to another factor. Since, during any given 
frame, only one color of light Is projected on the 
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screen, two-thirds of the tfoht emitted ^ ^ 
source Is therefore elJrran^f^^^^ 
and thus from the viewed rmage * 

«t ££^2?* a '^m can be 

BS5ea as a rul»-cc!or font valve wth 
^ row contains the pixels In the order of one 

K Sor 10 "* plx81 ^ « mo- 

r*,™- * m * tehln B iwnai of colored liahi 

Stco^^rir" 8 valve is 

co^ " " f 0 " 8 ^ 003 to «"e new positions of (he 
«£ed data on the Doht valve by either mewing £ 
°? y <*P™l>"**y vibrating S 

rxxel ,, of ^JET* " scanning. 
*n of the light valve is address*** ~Z 

with thai dngte colo, during every BmlToIterf 

™d3^flf„rr tfmS Instead 01 bBing black Iwo- 
w!k^ ( t,me ' 88 e *f*»ned above. 
With thia arrangement, at least ona of 

elsewhere herein) of dividing the fa" 
^^«Pto«to«d beams in the propeV 
moms eSmhate,, me pro6lam o, waat^»wo*W. 



Sr!L ay " addressed with red data pixel *2 

Is always addressed with green data. XTxiiz 
»*«ys addressed with blul data ^ T<L j£ 
Illumination Is feed so that prx* #tVaU™ 
i-unrinated by a red beam. pbS « £ S 
*mM by a green beam, pixel « S stay, 

fta embotfment, pixel #1 of the c Qhl vail £ 
„ ^ th m 'J r * wgmert and Is than addressed 

M»nd brno segment and Is then addressed whh 
red data from pixel #3 of the Imaoaihrtm Z£ 

itln rSjiS^** n 21 va,WB Oomg to the 
screen reflects off a mirror. This mirror is oscillated 

"» aegmenTbytn 
etecbxnxally-eontroDed etectromagiuc coil w 

^^ r ^. 8 «J9o of the mirror to Wnoe7 

»9«« irme segment hot to shift It loTtneneS 

°'^f r p, 'f" «*• collapsible, a stack oTpte^ 

S™^-^? '" a " °" m ^ fwhion in syn- 
chronliaBon with an osdOating current 

irr^^^tl? t* tb «hift the 

- . L me e^m errt Eech scre^^'th^ ^ 
»aln red. green and blue information m „ «nZ 

■we color pixels anywhere, uslna a sinob. 

« other arrangoments can be used to accomplish Z 
aame enda This tachniqu. creates SZcep^n 
ol lhree urnea the resotatton of the Sght valve r^ 
*"» «d«lvelerrt of three light valves 
« wh.S!f fff™ t>9,,weon P^'a WDI be visible 

»*r.?^ n s r ^ wa * 

^rig a continuous image.- In Figure 4. each 
fH»l aoi ta a Superpo^Uon of . correiondln^^! 
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The preferred maihod of elimination of spaces 
b**een ftHteotor pixels (such as am created^ 
^supartmp^iion of the images of three o 0 M 
vafces) uses tenses. A Ions array 801 (as shown in 
Figures 8e and 8b) constructed with the ^ne 
number of tenses as there are Tuf^coior* pixels 
ins number of color triads- on the tight 
values arranged with the center of each lens o?er 
each ptxel 802) cou* be used to magn^atS 
as depicted at Figures 6a and 8r7 Then 
* ^matfno lens array 803 aa 
dep«ted In Rgure 8a or a large coffimeting optfc 

as depicted In Figure 8b could be used to 
recolBmete the now enlarged and contiguous pixels 
*>r projection by suitable projection optics. 

la JSJtltt* 0 , be *T n P ixal8 the vertical 
te dWeront than along the horizontal dimension, the 
pixels can be intentionally underfilled wffh light, 
™T 11 *\ mmet,ic *t ** (as explained below) or 
a^orph,c lenses or equivalent could be used to 
fifl ^ spaces properly. Although fabrication of 
smal isns arrays ts wfthin the state of the art. it is 
Ampler and less expensive to use more readily 
available lenticular lenses. These cylindrical lens 
arrays can be overlapped with their axes perpen- 

fSf%K to anottw to *«omP«* the same 
goal. The separation of lens function for each or- 
thogonal dimension eliminates the need for an- 
amorphic lenses which are difficult to produce ac- 
curately and consistently In such small sizes. 

It la Important to note that eliminating the 
space between pixels utilizing lenses after the pix- 

tV^J™*:* *• can be done 

wtth several different approaches. The tenstet cur- 
vrtuns .and spacing from the fight valve can be 
selected to produce a real or virtual magnified 
•mage of the pixel. These real or virtual Images can 
be magnified just the right amount so that they 

r°^| O . COn1l9U0U8 " 8 p,ane m 'Pace- Plane 
sthen imaged onto the screen by the projection 



»mt « IT " V*** 1 ^* or a magnified 
£f " ^l^ 6 * ,ta ***** ""to the screen, 
tosteed the projection tens can focus an Image of 

s unl^S "IB be 

s uniformly Ruminated even H the light distribution 
within a pixel Isn't uniform. 

If the lens arrays arent constructed well 
eiwugh so that spacing between renslets ap- 
proaches aero, a pixel structure would again be 
10 !^ ent Jojanmlnate that problem, a second lens 
array could be used to generate a magnified real or 
virtuanmage of the bnstets of the first array. Thus 
the pixels- would appear uniform and be conto> 



nr J ^"f pr J a f trce ' man * and real Images 
of the pixels exist at various locations in spaces of 
dtterem sizes. The projection lens can be accord- 
ingly adjusted slightly back or forth to select the 
pixel image size which just eliminates the. inter- 
Pixel spaces without overlap, 

tf an arrangement Is chosen (as described be- 
£2 Z ^ !D° * t™** "*> each pixel 

n^!™, 8 * SWbution * B 9 hf within 8 Pixel may 
not be umform. « h i snX a repeWjve 

«i^»^ m ° n *° * TOen * makfin 0 P ,xete v telb»e. 
even If tore actually are no spaces between pix- 
els, in that evem, the projection tens should not 



'« With a rear projection system built Into e cabi- 
net in which the relationship between the projector 
and the screen win never be altered. It is possible 
to bu.U in e system to eliminate the space between 
tj^ pixels right before the screen. A lens array with 
30 M T anwrgement as the pixels projected from 
Ihe projector, placed just behind the screen, will 
expand the image of each pixel Just enough to fill 
me space between Ihe pixels. This tens array can 

« SL^fJ" 10 SCreen maWn & jt a rigid oompo- 
« nem of the screen. 

The following is a method for inexpensively 
malting the lens arrays necessary for the summa- 
tion of the spaces between pixels as well as for 
other aims which involves creating a master for 
w making lens arrays. The master can be made by 
taking a semi-soft material such as copper or wax 
and scoring h with parallel lines with a tool whfcb 
has a circular curvature at Ha end. A spherical lens 
array master can be made by forming a tool with a 
as surface matching the lens surface desired and re- 
peatedly pressing it into such a soft material In a 
step-and-repeat- fashion. Thte master can then be 
made into a hard metal master, tt the master is 
made in copper, the copper can be immersed in an 
40 . atectropiating bath, such as nickel surfarnate. (I the 
master is made in a non-conductive material such 

IfJ^S i 0 *" ,if * to coatod a 1hin metallic 
tayer of electroiees nickel or by spraying with a 
stannous-chloride diver solution. Once metallized 
49 " kshJon. " con then be placed into the 
electroplating bath. The nickel master can then be 
placed on an embossing machine and used to 
emboss replicas Into thermoplastic materials, such 
as mylar and plexiglass. Such a master can also be 
60 as a mold for Injucdon or compression moid- 

ing. . 

Another method pf producing Ihe master la to 
use a computer to make a plot In which the height 
of the tens Is represented as a density. This plot. 
«5 turned mto a transparency, can be photo-reduced 
and replicated by step-and-repeat procedures to 
Produce a mask with a density pattern which 
matches the tens array layout The mask can then 

17 
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be Imaged with ultravfotet light onto a photoresist 
plate. The differing densities on the mask will alter 
the amount that the photoresist Is exposed and 
after development, will after the amount of 
photoresist that will be washed away a! each loca- 
tion. This wfli create a photoresist master In the 
ahepe of the lens array. This photoresist master 
can then by metallized and used tor replication. 

An alternative method to produce such lens 
arrays for a projection system ts to use lens arrays 
Produced hofographicaJty. Such holographic lenses 
are easier to produce than conventional lans ma- 
chining at such small dimensions, especially If ex- 
tremely small F numbers a/a required. State^Mhe- 
art methods can be used to create the necessary 
Interference patterns. 

As was done earner to eliminate the appear- 
ance of red, green and blue pixels, a wedge or 
wedges may be used to create offset Images on 
the screen, both vertically and horizontally to elimi- 
nate the spaces between pixels. The wedge or 
wedge segments may be conveniently placed at 
tne projection tens to fin each space In the Image 
w.th a duplicate of the adjacent image date, creat- 
ing a focused, de-pixelated image. This method is 
an alternate preferred method of eliminating spaces 
between pixels In the image. 

Since the spaces between pixels are all hori- 
zontal and vertical lines of a fixed width, spatial 
n taring ma y be used to eliminate the spaces. The 
classic method of spatial filtering is demonstrated 
in Figure 32. in the input. Image A Is acted upon 
fry tens 3310. creating a Fourier transform in plane 
B. Another lens 3320. placed a focaJ length alter 
Plane B, creates a Fourier transform of that trans- 
form which is the original image in plane C. H a 
particular optical filter is placed in plane B. various 
components of the final image will be eliminated 
due to the blockage lr> plane B of the Fourier 
components. The Fourier components are arranged 
«n a polar coordinate fashion in plane B with the 
highest spatial frequencies which correspond to the 
smallest features in the original trnagTtocated 
throughout and towards the outside of the Fourier 
plane. The low spatial frequencies in the Image are 
represented In the central area of the Fourier trans- 
form in plane B. Periodic Input patterns are repre- 

£?wt U toCa,,2ad ^^n^atlona of intensities at 
that frequency in the Fourier plane. Since the thin 
Dries representing the spaces between phcels are 
nigh in spatial frequency, they will form large fea- 
tures, located mostly away from the center of the 
i-ourfer transform. Therefore, if an appropriate filter 
te placed In plane B. letting through the lower 
spafial frequencies, the (Transformed Image in 
Plane C win have greatly diminished, or, if the filter 
Is selected properly, eliminated higher spatial fre- 
quencies (corresponding to the lines between pix- 



els). 



Since an pixels have the same spatial Ire- 
quency In e given direction, which is different from 
«je higher spatial frequency of the Ones between 
5 thBm ' ^ose "nes can be separated out and sup- 
pressed. The image plane A Is analogous to the 
Ught valve plane In the projector and the tens 
performing the Fourier transform is analogous to 
the projection lens. Somewhere in front of the 
'o prelection lens will therefore be an approximation 
of a Fourier transform of the image on the light 
valve. Even though no second lens Is used to re- 
transform the image after a certain distance, a re- 
transform wiO occur anyway (at the focused Image 
'* 00 m ° screen), making a final lens unnecessary All 
that is necessary In actual operation is therefore 
the placement of an appropriate filter somewhere 
after the projection lens. Since the spatial frequen- 
cy of the line pattern is known, state-of-the-art 
20 methods can be ueed to form a Fourier filter to 
block out the desired spatial frequency compo- 
nents. The larger the difference between the width 
of the pixels and the width of the spaces between 
Pixels, tho more efficient this spatial filtering pro- 
«5 cess will be. As the widths epproech each other 
the process will become less effective. 

Ahemetively. If a lens is placed between the 
light valve and the projection lens, the ught can be 
msde to come to a small focus within the projector 
w A pinhole can be placed at the focus, allowing - 
most of the light to pass through. Passage of light 
through a re-transforming lens also placed before 
the projection lens will create a focused image In 
space minus the high spatial frequencies of the 
as image from the Ught valve plane. M the projection 
tens is then mode to focus on that image, most of 
the Dght can be projected onto the screen without 
lines between the pixels. 

Another method of obtaining a brighter image 
• 40 j s to use a holographic phase filter beyond the 
protection lens, constructed In ways that are known 
m the state-of-the-art either with varying thickness 
material or a hologram property laid out. This will 
St* accomplish spatial tittering but will allow more 
<e of the light to pass through to the screen. 

An alternate method of fining the spaces be- 
tween pixels Is by the use of mirrors. To make a 
minor system that duplicates the pixels in the 
proper places wHh minimum waste of light a spe- 
M ctel -striped-mirror system" can be used. One 
such configuration is shown In Figure 5. Light con- 
taining fun color image Information 501 (laid out as 
ndlcated in Figure 4) hits a "stoped*nirror pair" 
labeled as 502 and 503. This causes the entire 
IT^JP dupIfcated ond sifted horizontally the 
width of one pixel with approximately cne-haff the 
brightness of the original image {which Is also 
reduced to one half of its original brightness), filling 
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the spaces between pixels in the horizontal rows as 
shown by Figure 6. Vertical rows 601A. 6D2A. and 
603A are .duplications of vertical rows 60 1, 602. 
end 603. respectively. The combined (original end 
duplicated) image existing In apace 504 of Figure 5 
then passes through a second "slrlped-mlrror pair" 
505 and 508, which duplicates the image but shifts 
It vertically the height of one pixel. This produces 
two Images of equal brightness, one above the 
other, filling in the horizontal rows indicated in 
Figure 6 as 610. 611. and 612. Thus, a -solid" 
imago is created with no blank spaces. Eliminating 
blank or dead spaces, separately colored pixels, 
end thus the distinction between pixels subject very 
Improves Image resolution even above today's 
CRT images a! close range since CRTs have dis- 
cernible lines, pixels and spaces. 

A "strlped-mlrrof pair" is better understood by 
reviewing Figure 7. Light Ircm a single pixel 701 
impinges upon a "clear" space 720 on the first 
mirror 702 of the mirror pair. This first mirror Is 
made of glass, plastic or other suitable material 
which is AR coated over the visible spectrum and 
coated on its opposite side in stripes of a suitable 
reflective material such as aluminum or silver. The 
striped coating may be accomplished by, for In- 
stance, vacuum deposition with a "striped mask 
over the glass." Atternauvety, the glass can be 
coated with photo-resist and exposed to a projec- 
ted image of stripes of the desired size. After 
development the glass will be exposed for metal 
vacuum deposition only in the desired stripes. After 
deposition, the remaining resist could be peeled off 
or dissolved away, leaving the required clear 
stripes. 

The second mirror 703 of the pair also has 
alternating; clear and reflective stripes. On this mir- 
ror however, the reflective coating is thinner, creat- 
ing partial mirrors instead of full mirrors. The per- 
centage of reflectivity is adjusted so I hat the two 
pfcel Images which emerge ere of equal brightness. 

Light from pixel 701. after passing through 
spece 720, Impinges on partial mirror 730, creating 
a transmitted beam 710 and a reflected beam 
which hits mirrored surface 740 on first mirror 702. 
This reflects light through clear space 750 on mir- 
ror 703 creating a second beam 710a which is an 
exact duplicete of beam 710, except that it is 
contiguously displaced from beam 710. If the spac- 
ing between pixels Is not equal to the dimensions 
of a pixel, the mirrored areas 740 on mirror 702, as 
well as clear spaces 750 on mirror 703. may be 
adjusted to the dimensions of the space between 
pixels. 

The overhead view of Figure 5 shows that 
■striped-mirror pair 502. 503. which has vertical 
stripes. Is titted with reference to beam 501 around 
a "vertical till axis- to create a horizontally dis- 



placed duplicate image and a "striped- mirror pair" 
505, 506, which has horizontal stripes, tilted around 
a "horizontal till axis" (which is perpendicular to the 
tilt axis of the first '■striped-mirror pair" and to the 
s beam 501) to create a vertically displaced duplicate 
image. 

Arrangements which break up e white collimai- 
ed beam into colored colltmated beams, as well as 
configurations which combine multi-colored cot- 

10 fonatod beams Into a single coiOmated white beam 
ere reversible and can be used on either side of a 
light valve to make Ml use of an tight in the beam, 
flluminale a rrxxicchromatic fight verve with the 
properly colored beams, recombine the colored 

19 beams to form fun-color Images without individually 
discernible color pixels and produce an image 
which is continuous, having no spaces between the 



The use of time multiplexing, as previously 
9o explained, can be used to fJH dead spaces between 
pixels with duplicate pixels to create e 
•continuous- Image. The three color images can 
be slightly offset to somewhat fin the spaces be- 
tween pixels. Figure 3, for example, shows blue 
» pixel 301 slightly higher than red pixel 302 and 
green pixel 303 slightly to the leh of each red pixel 
302. Many other arrangements of offsets of the 
different colored pixels are possible to decrease 
Mac* spaces In the image; however, the individual 
so colors remain visible at dose range. 

To produce a good quality color image, it is 
Important to have as high e resolution es possible, 
as weO as to superimpose red, green and blue 
pixels on one another to eliminate the appearance 
35 of individual color pixels and to eliminate spaces 
between pixels. Whether accomplishing this with 
three optical paths and three light valves or by 
dividing up a single Bght valve with a large number 
of pixels into 3 sections to produce the 3 color 
40 Images, the cost Is higher and the system con- 
sumes more space and weight then a simple single 
light verve system. However, a single light valve 
doesn't nave the resolution of three Ight valves, it 
Is therefore desirable to devise methods which 
« produce a high quality, high resolution Image with- 
out the added cost, complexity, weight and size 
increase as stated above. 

Obviously, increasing the number of pixels in a 
light valve wtli Increase the resolution of the image, 
so Two or more projectors used to project contiguous 
Images can produce an image with higher resolu- 
tion than can be produced by a single projector 
using available light verves. Attemallvery, a single 
projector can be made which essentially contains 
65 the components of severe! projectors but with the 
contiguous images produced side-fey- side within 
the projector so that the composite image can be 
projected with a single projection lens. This will 
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eliminate the need for alignment of externally 
placed projectors and will produce a higher resolu- 
tion than Is capable of being produced by a single 
light valve system. 

Regardless of the relationship between the 
lines of pixels with respect to the placement of 
cotor dots within them. H any grouping of three 
colored pixels of the light valve is used to form a 
color triad representing the color of a particular 
Point of the scene displayed, then the resolution 
capaWflty of the LCD is reduced by a factor of 3. 
"This resolution limitation can be reduced, however, 
H Pkei of the light valve, being either red, 
green, or blue, la driven by a signal that cor- 
responds to that light valve pixel's color at thai 
point In the original scene, and the data about the 
remaining two color values at that point In the 
original scene Is simply discarded. The eye will 
tend to blend the color contributions of neighboring 
pixels to produce the correct cotor for that area of 
the scene, but retain the capability to distinguish 
detail as fine as the actual pixel spacing. 

Time-share scanning- (described herein) can 
be applied to create a high resolution image with a 
tower resolution light valve. For instance, an Image 
can be projected having a space between every 
two pixels, along each horizontal line equal to the 
width of a pixel. This can be accomplished, for 
instance, by fabricating the light valve that way or 
by using lenslet arrays to appropriately change the 
size of each pixel Thus, if a light valve is capable 
ol, for instance, 500 pixels on e horizontal line, the 
resolution can be doubled to 1000 by time-share 
scanning. One-half of the time can be used to 
project an image from the light valve as it exists 
onto the screen, while the other half of the time can 
be used to project an Image ol Intermedials pixels 
onto the screen, ghring the image twice the resolu- 
tion of the light valve In that direction. Unlike other 
time multiplexing schemes, no decrease oi bright- 
ness is created since each segment of time pro- 
jects all of the light from the light source onto the 
screen and thus all of the light tram ihe light 
source is visible to the viewer at ail times. This 
technique could also be used to double resolution 
h the vertical direction creating, for Instance, e 
high definition Image from a standard resolution 
Hgrrtvarve. 

The systems disclosed In this application can 
use discrete and individually addressed and main- 
tained pixels. This approach provides the basis for 
true digital television. Presently both audio and 
video signals are digitized and stored as digital bits 
on laser disks and "CDs." This digitization pre- 
serves the exact values of the signal from micro- 
second to micro-second. Distortions tn the sys- 
tems, such as amplifier noise and hon-Unearity. 
scratches, dropout and other defects on the record- 



ing material and so on can be completely ignored 
by a system looking only at each bit to see H it Is 
on or off. Le., a Vora "V and not caring if ft 
varies in strength or clarity. This win result In more 

6 precise, higher quality television and video display. 
The upcoming thrust toward High Definition Televi- 
sion should rnove the field toward this type of a 
digital display device as the system o1 choice. In 
summary, the present Invention makes possible a 

ro. viable basis for Implementation of digital and High 
Definition TV, regardless of the format convention 



Use of digital processing makes It easy to 
eliminate the problems Inherent in today's video 
rs systems such as ghosts, chroma crawl, moire pat- 
terns, snow and crosstalk between chrominance 
and luminance signals. It also makes the creation 
of additional pixels in the receiver by Interpolation 
between any two pixels possible, thus creating the 
20 appearance of even higher resolution in the re- 
ceiver than is actually transmitted. It also makes 
special features very easy to Implement such as 
picture in picture, zooming, frame freezing, image 
enhancement special effects and so on. 
M All electronic image production systems, 

whose images are made of a finite number of 
pixels, have an artifact which becomes more no- 
ticeable as the number of pixels in the image 
decreases. This artifact is often referred to as jag- 
M gles or aliasing. Whan a diagonal line, such as a 
boundary between two different features, is pre- 
sented in the image, the Gne becomes Jagged! as If 
it were a staircase, since Ihe pixels are usually 
square with their edges parallel and perpendicular 
as to the horizon. To reduce the rxriceabiGty of these 
jagged boundaries, known amf-anasfng techniques 
can be Implemented, especially if used in a digital 
system, since it is already computerized. When a 
boundary is detected between two areas of dif- 
*° ferent brightness values and/or different color val- 
ues, e calculation can be performed to find the 
average brightness and color between the two val- 
ues. Then, making all pixels along jhe boundary 
that new value will create a transition between the 
46 boundaries that (a much harder to see. thereby 
reducing the appearance of a lagged edge. 

The Image brightness which can be produced 
by a prelection system is in part dependent on the 
bulh brightness. This generally means that for 
so moce brightness, a higher wattage bulb should be 
used. The bulb wattage that can be used In many 
environments la. however, limited. A home projec- 
. tor shouldn't draw more than about 5 amps, which 
corresponds t0 000 watts. A higher wattage 

56 protector becomes very expensive to operate and 
discharges e greet deal of heat. It Is therefore 
desirabte to use a bulb which has as high an 
efficiency, measured in lumens produced per watt 
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consumed, as possible. The best light source uses 
a microwave stimulated plasma. This type of bulb, 
currently in prototype form, can produce up to 1 30 

umens per watt. Other sources which can be used 
inctode Xe. Ho and metal hallde bulbs which can 
™" 75 to 95 lumens per watt. Tungsten 
natooefi bulbs can produce as much as 40 lumens 
per wan and regular tungsten can produce up to 26 
lumens per watt p ^ 

tastead of using a high power ed* bulb with a 
large filament or arc, two or more bulbs of lower 
wattage and smaller filaments or arcs can be used 
using multiple lamps presents several edvantages 

i**™?. "J*"" bum ^ 6y3tom **** only 
diminish in brightness, operating with the remaining 
■amp(8) until the lamp is replaced. Each bulb, being 
of tower wattage, can have a much longer lifetime 
end a smaller filament or arc can make- focusing an' 
image of the source into the pixel hole easier. 
Various methods can be used to combine the 

Z^^L ^• Fl9Uf8 37 ,Ikj5trates one example In 
which two Qght sources are coOimated and made 
contiguous by the use of a prism. Figure 45 shows 
tiow a mirror can be used to make 2 colfimated 
©earn* contiguous. Another method of eliminating 
space between separate beams is the use of mJr- 
™* to, 1 ?* 9 one part of a beam and use 

J I to m in spaces between beams. An example of 
this is illustrated in Figure 38. 

/Ulemativeiy. the beams can be made to come 
to a locus at an area in space so that the filament 
or arc images abut one another, forming a new 

ih« P ^l ,,9ht MUrc8 - By the use of mirrors, 
ihese point sources can be made to propagate in 
the same direction, making it easy to collect with a 
single .condenser lens to form a eingle colfimated 
°°f" <»rtaining most of the tight originally 
captured. An example of this Is shown In Figure 43 
The accuracy of reproduced color depends on 

ST «£ ctor8 * ™? * 9 U5a * propef, y ***** 

color filters or dichrolc mirrors, correction for 
wavelength versus light valve cavity thickness ver- 
sus voltage, as described sbove, and normal Gam- 
™ f^??" «»» normal TV color circuitry, 
die fidelity of color reproduction Is still limited by 
liJL , makeUP «*" temperature) of the 
im Pesairxj tnrouglTthe projection system. In- 
candescent lighting, although simple and Inexpen- 
sive^roduces a low color temperature. resXE 
a -reddened- hnage. while discharge lamps. Scr, 
as metal haJide, xenon, mercury and especWy 
^terowave driven plasma <*hfch provkfos constant 
brightness and color temperature even with tens of 

l^Ti^JL^ 01 op * aUon > P*«iuce higher 
co or s temperature ^wlth more realistic whites and 
colors However these lamps have the drawbacks 

tttTV^Z ^ and heavier 

power supplies and are often more difficult and 



dangerous to use and replace. ReaJlsUc colors can 
be produced with the use of incandescent sources 
rf a cotor-temperature-ttjmpansating filter Is used. 
Althe expense of some brightness, the entire color 
5 fpactrum can be shifted towards the blue, produc- 
ing more realistic whites and colors. The advan- 
tages of using an incandescent source ere that 
they are rugged, inexpensive, safe and easy to 
replace and need a smart power supply or no 
ro power supply at all. Y 

^A"^^ 01 rnlght be taken to 

!STl!? ^ 01 0,0 *** 50uw - microwave 
stimulated plasma bulb for example has virtually an 
unBmhed lifetime, and is thus best for effmlnailng 
rs buib replacement 

To extend (he life of a filament bulb, circuitry 
could be used to run the filament on smoothed OC 
furthermore, the circuit could ramp up the voltage 
stowly whenever the lamp la turned on to reduce 
» shock due to rapid heating end tfamerd motion. 

For an incandescent bulb to have the highest 
efficiency as well as high color temperature, ft Is 
necessary for it to have a tightly wound filament 
which runs on relatively low voltage and high am- 
*s perage. This would normally necessitate the use of 
a large and heavy step-down transformer. To elimi- 
nate this burden, a Mac circuit can be used to 
chop up the duty cycle, utilizing only part of each 
cycle. Selecting the proper duty cycle will provide 
30 fitemant with the reduced voltage thai it re- 

quires. A feedback circuit can also be included to 
monftor line voltage end lo adjust the duty cycle to 
compensate for line voltage changes so that a 
constant reduced voltage is fed to the filament 
* The projection systems described herein have 

brightness limitations due to tow efficiency at var- 
ious points in the system. Various methods can be 
used to Increase the efficiency at these points and 
thereby the overall efficiency and brightness of the 
<o projector can be dramatically Increased. 

. ° n l?? b,em common to 8,1 Paction Wtom, 
is the efficiency of the Ught collection optics. Usu- 
ally, only a smaU percentage of the fight produced 
by a bulb Is actually collected and utilized (n the 
<s projection system. To further Improve The efficiency 
of the system, various methods can be used to 
^croase the amount of light that Is captured from 
m« bulb for use in prelection. In (he prior art. a 
light source, such as a filament or arc. Is positioned 
50 wrth a condenser lens, such as en aspheric con- 
denser in front of the source with a spherical 
^"** ind * ™* arrangement is used in most 
projectors and captures some of the rearward and 
forward propagating fight The majority of the light 
55 however, propagates to the sides, upwards and 
downwards and Is wasted. 

~JLT^ pf Mtlfe,n 8 "orm^ 

wasted light is the use of multiple Condenser paths 
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as shown In Rgure 42. Two condenser lenses 4210 
and 4220 and two spherical mirrors 4230 and 4240 
IT k°!^ MBB M much "9 W wnanailng from a 
bulb 4200 as In the conventional system. In all 
™t» today, light traveling in one direction can 5 
never be utfihed since one side of the bulb Is used 
to connect power into the bulb to the arc or fila- 
ment. Light from the remaining (upwards) direction 
can be captured by an additional condenser lens 
425D and reflected by a mirror 4260 into the sys- 10 
tarn. The beams can be Joined Into a single beam 
using the methods described elsewhere herein. 

Another method to utilize this otherwise wasted 
nght is to place a section of a parabolic reflector 
*810 around the (amp 3900 In a conventional con- is 
denser setup 3320 as shown In Figure 39. Light 
thai would otherwise be unused Is now colli mated 
and sent forward to join light emerging from the 
condenser lens. To reduce the size of the resulting 
coUimated beam, which will probably be necessary 20 
m most applications, various optical methods may 
be used, such as the Galilean telescope made of 
two lenses, as depicted in Figure 40. 

Another method used lo capture more light 
from a bulb Is depicted in Figure 41. In mis ar- as 
rangement, a source 4100 is placed at one focus of 
an elliptical mfrror 4110. Any fight which hits this 
reflector win be focused to the second focus of the 
ellipse where it can be captured for collimabon. for 
instance, by a condenser lens 4120 with a low F oo 
number. However, fight which misses (he reflector 
(4101 and 4102). except for light on axis, is lost. 
This light can be utilized toy placing a coifimating 
tens 4130 at the second focus. This tens will col- 
Smete fight that would miss the second focus, but » 
will have almost no effect on the fight going to the 
second focus. Optionally, an additional small lens 
can be Placed on the axis between the two focus of 
the ellipse close tot he second locus, to focus fight 
emanating from the source nearly on axis lo come <o 
to a focus at the second focus of the ellipse. 

Alternatively, a section of a parabola 4610 can 
to used to capture and collimate that otherwise 
lost light. This can be seen in Figure 46. 

An alternate method of using en elliptical sur- 45 
face efficiently Is depicted in Figure 50. tn this 
wtup a spherical mirror 5010 makes rearward go- 
ing light into forward going light A lens 5020 
captures forward going light and brings It to a 
focus. A surrounding elliptical surface 5030 cap- so 
tores Bght which misses both the spherical reflector 
and the focusing lens and brings it to the focus of 
the focusing lens. At this point light can be gath- 
ered from the focal point and coUimated by a 
single lens 5040. M 

Collection systems which capture light from 
wide angles, such as those disclosed herein, gen- 
erally have large apertures. This leads to a large - 



coUimated beam. As pointed out herein, such a 
beam can be reduced m diameter, tor instance, by 
a telescope arrangement where the output (ana has 
a shorter focal length than the Input lens. This 
reduction of beam diameter Is accomplished whh 
an Increase of angles of non-colllmated rays within 
the beam. This results in a restriction of how long 
Ihe Internal optical path of the projection system 
can be before light spreads so much that it doesn't 
flat into the projection lens. 

Several measures can be taken to condition 
the light to allow lor en increased Internal path 
length If one Is desired for a particular system 
design. , 

A preferred method of dealing with this limita- 
tion is depicted in Figure 51. This method is ac- 
complished by generating a reflector surface which 
will be referred to herein as a Fresnel Parabolic 
Reflector. (The same logic can be used to produce 
other surfaces such as a Fresnel Elliptical Reflector 
and so on.) 

By assembling segments of a parabola 
(dashed curve), an equivalent parabola 5110 can 
be constructed with a narrow opening (sofid curve). 
Thus, the coiOmated beam need not be reduced 
much. If at all. Thereby, angles are not increased 
and collimation length Is left longer. 

An alternate approach to this limitation is to 
use the Idea used in fiber optic cables. In such a 
cable, light can travel a long distance but because 
of continued tow/loss internal reflections, the beam 
djameter does not Increase until the and of the 
-tunnel.- which In our system can be where the 
light valve la placed. Multiple tunnels can be used 
if multiple Dght valves are used. Such a tunnel can 
be made of mirrored surfaces instead of fibers and 
can take various shapes such as square, rectangu- 
lar or circular. 

The use of non-imaging concentrator optics 
can be used to further reduce the beam diameter 
essentially allowing for the optical reduction of the 
size of the light source. This will allow for the use 
of a brighter bulb, with a larger arc or filament. The 
concentrator optfcs. normally used to concentrate 
Bght for solar collectors, can concentrate the light 
to a smaller area than the original arc or filament 
This will allow for greater coHimation and. thus, 
permit more light Into a longer path system. One 
name commonly used to describe such a con- 
centrator is a •compound parabolic concentrator* 
although the reflective surface actually has hyper- 
bolic walls. The two currently known designs for 
non-Imaging concentrators, originating In the 
1950s, are referred to as 'edge-ray concentrators 
and geometric vector-flux" concentrators. 

To further increase the amount ol light that 
gets into the projection lens and thus, reaches the 
screen, the distance from the Dght valve(s) 10 the 
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pmjection lens must be kept to a minimum <so 
nofvcollimated light gats Into the projection lens). 
To accomplish this the focal length end F number 
of the projection lens should be kept to a minimum. 

If three light paths are used because three ffght 
valves are used to modulate the red, green and 
blue Images separately, the colored images must 
be recombined to form a fuD-cotor image. This can 
be done with various arrangements, such as the 
we depicted In Figure 2. However, to minimize the 
distance between the light valves and the projec- 
tion tens, a dichroic combiner cube will keep the 
dfetances to a minimum. Such a cube, known In 
the art, consists of four equilateral triangular prisms 
Placed together to form a cube. The faces that 
touch one another Include dlchrolc coatings to al- 
low the three colored Image-bearing beams to 
combine into a fuD-color image. 

Conventional cfirect-view light valves utilize col- 
or filters to create a full-color image. Color fitters 
work by absorption, which unfortunately wastes ap- 
proximately two-thirds of the fight, converting it to 
neat, which exacerbates the heating problem. 

An alternative method to making such a color 
mosaic without the use of absorptive color fitters Is 
Illustrated In the following embodiment. Figure 25 
shows a colllmated beam of white light 2500 which 
is separated into three colllmated beams, one red 
2510. one green 2520 and one blue 2530. by a 
dichroic minor arrangement 2540. These beams 
then pass through a double tens array 2550. each 
array containing the same number of lenses as the 
number of pixels (n the Dght valve 2580. Each tens 
pair formed by one lens from each lens array 
produces a Qallilean telescope, producing a ool- 
fimated beam of reduced diameter. The lens cur- 
vatures are chosen so as to provide a 3:1 reduction 
In diameter of each coffimeted beam. A second 
dichroic mirror arrangement 2570 brings the color 
beams together, but. du» to displacement of two of 
the mirrors, the beams do not actually overlap, 
forming a mosaic of colors to illuminate the mon- 
ochromatic light verve in whatever odor arrange- 
ment Is chosen (such as the two arrange menu 
ctescnbed above and depicted in Figures 16A and 

■ 5B). 

An alternative method of producing a mosaic of 
colored beams Is illustrated in Figure 20. Col- 
limated fight 2600 passes through a double lens 
array 2510. which again contains the same number 

P? ™Y M *™ *e ***** * the Dght 
«uve 2520. The focal lengths of the two arrays ire 
different such that a series of collimatad beams Is 
formed 2830. The width of each beam Is the size 
of a pixel and the spacing between coUimated 
beams Is equal to twice the pixel pitch. Each 
colllmated beam intercepts a stack of 3 special 



Those 'mirrors- consist of mirrored areas, sep- 
arated by clear spaces which are twice the size of 
the mirrored areas. The width of the mirrored areas 
is chosen so thai each colllmated beam wfli exactly 
s fiO each mirrored area when hitting the mirror at 45 
degrees to the normal of the mirrors. Tracing the 
path off a single ceJDmated beam emerging from 
one of the tenstets, the beam passes through clear 
areas In the first two mirrors 2640 and 2650 in the 
to stack, hitting a dichroic mirrored surface on the 
third mirror 2660. This dtehrofc mirror transmits the 
red light and reflects the blue and green light 
downward. This blue-green beam hits a dichroic 
mirrored area on the 2nd mirror, which reflects a 
»s collimated green beam in a direction parallel to the 
red beam, while transmitting the blue beam. The 
blue beam hits the first mirror, which Is a standard 
first surface mirror, so that the beam is parallel to 
the red and green beams. These red. green and 
ao blue beams illuminate three pixels on the light 
valve, which Is monochromatic, but is addressed 
with red. green end blue data, respectjvery. Al- 
ternately, the c3chroic mirrors could be replaced 
with volume holograms to accomplish the same 
2s result 

In another embodiment, shown In Rgure 27, 
one of the OQtUmated mini-beams 2700 (as de- 
scribed above) hits a hologram 2710 which 
refracts/diffracts the light breaking H up into essen- 
90 tiaily red. green and blue beams. A second holog- 
ram 2730 or series of prisms bends the off-axis 
beams back on axis, so that parallel red. green and 
blue beams are formed, which can then illuminate 
a full color light valve 2720. as previously ax- 
is plained. 

Use of a dichronic or holographic system to 
produce a mosaic of colored beams can be done 
in conjunction with a color filter mosaic as well 
Since the light is properly colored before hitting the 
40 filters, less will be absorbed and selected saturated 
colors win result. 

Light valve systems thai utilize rotation of the 
plane of polarized fight have a major loss of effi- 
ciency because, to rotate polar (zed light, the lighl 
« valve must be illuminated with polarized right. Sys- 
tems in use today make polarized light by using 
sheet polarizers which produce polarized light 
(Inefficiently) by absorbing all fight except that 
which is polarized in the desired direction This 
so wastes more than two-thirds of the fight and causes 
the polarizer to heat up. In the .light valve systems 
in use today, the polarizers are mounted on the 
light valve. Thus, when the polarizer heats up, the 
fight valve heats up. limiting the amount of iioht 
6s thai can be sent through the system. 

One solution to this light valve heating problem 
* * * ****** distance 

away from the light valve and to cool the polarizers 
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directly. 

A better solution which also alleviates the ineffi- 
ciency of sheet polarizers fs to use a MacNeOl 
prism for polarization. The MacNalll prism makes 
use of the fact that light which htts a detectric 
surface at an angle, such as Brewster's angle 
sptits Into reflected and transmitted beams which 
are somewhat ormogonalfy polarized. This effect 
can be maximized by applying several layers of 
dJetectrte coatings, with alternating Indices of re- 
fraction, such as by vacuum deposition, onto the 
surface between two glass prisms, cemented to- 
gether to form a cube. 

When the cube h property constructed, ap- 
proximately 50% of the light entering the cube Is 
crtT?^ 88 P -P° ,art2ed BflW end approodmatery 
50% of the light Is reflected by the diagonal sur- 
face as S-pc4artaed flgm. Since most sheet poia/iz- 
ere absorb between 65% and 75% of the Kght that 
nhs them, Just utilizing one of the beams from this 
cube will increase the. amount of fight available for 
the Tight verve and wiD greatly diminish the light 
valve heating problem caused by sheet polarfcer 
heating due to absorption. Both beams can actually 
be used so that very Utile light Is wasted In the 
process of providing polarized Tight for use by the 
l«ght valve. 

Both beams could ba used by employing mir- 
rors which reflect one of the beams emerging from 
the cube such that Its plans of polarization Is 
rotated when the two beams are joined as side-by- 
side parallel beams of light. As shown in Figure 44. 
S-polarized ffght reflected by the cube 4400 is 
reflected downwards by a mirror 4410, rotating the 
plane of polarization of the Oght with respect to the 
horaon. A second mirror shown in the diagram as 
mirror 4420 reflects thfs light in the direction of the 
P-polarized fight emerging from the cubs while 
maintaining its polarization orientation. By position- 
ing this mirror at the right angle, this beam will be 
reflected up to the height of the P-poiarlzed beam 
emerging from the cube. This beam is then re- 
flected forward by a mirror or as shown in the 
diagram, refracted forward by a prism 4430 for- 
ming a second beam of light parallel to the other 
beam emerging from the cube, both In Ms direction 
* propagation as well as In its plane of polariza- 
tion. Each beam can be brought to a focus with the 
use of lenses and mirror right next to each other 
forming a single expanding polarized fight beam! 
Other methods described herein could also be 
used lo combine the beams so that both would 
illuminate the light valve. 

A preferred method of utilizing both beams 
produced by a polarization beam splitter cube 6400 
is depicted in Figure 54. Wfth this method, a mirror 
b4t0 which Is parallel to the dielectrlcalry coated 
diagonal of the cube is placed adjacent to the 



cube, producing two side-by-slde coHImated beams 
with orthogonal polarizations. Placing a half wave 
plate 5420 in one of the beams produces two side- 
by-side parallel beams which have the same po- 
s brization. The size and aspect ratio of the resulting 
beam can be altered by the use of spherical 5430 
and cylindrical 5440 lenses. If required. 

If a large beam must be polarized, using a 
MacNeifi prism wQI unfortunately require a heavy, 
re large, solid beam spfittsr cube which is expensive 
to produce and consumes much space. A small 
beam of light could therefore be used, although 
thb may require using additional lenses and addi- 
tional space to accommodate the changes to the 
ts size of the beam. Urtfortunatefy, reducing beam 
size increases the angles of norHcoOimated rays, 
which then polarize inefficiently in such a cube A 
WacNem plate pofertzer which weighs less and 
consumes less space can be used but will function 
20 only over a very narrow bandwidth. In a video 
projection system, as contemplated by the present 
invention, a beam of white light could be separated 
into three color component beams by. for instance, 
a dichroic mirror system. These three separate 
as color components could then be sent to three Mec- 
Nefll plate polarizers. Although this does save 
space and weight the optics required to separate 
and recombins the colored beams may occupy the 
same or a greater amount of space and weight 
ao than was eeved. Moreover, the three MacMeiii 
beam epwter plates would greatly increase the cost 
ol the system. Applicant has devised a 'Fresnel 
MacNeiO prism.- which functions as a Mac We in 
prism beam splitter but has. at the outer surfaces 
36 of the plates, a multiplicity Of tiny sawtooth sur- 
faces, each behaving as a normal prism. This de- 
vice weighs much less than a prism, consumes 
less space, operates over the entire visible spec- 
trum, and costs less to produce. . 
40 linearly polarized tight that passes through an 
ordinary lens is no longer strictly D nearly polarized 
TWb Is because e lens consists of curved surfaces 
which can after the polarization of light passing 
through II due to the dielectric polarization effect 
<s mentioned above. As a lens surface is continually 
ciaMng and changing its angle with respect to 
different portions of the beam of Dght. different 
portions of the beam's polarization are altered dif- 
ferently. Thia will reduce contrast and color fidelity 
so of the Image produced by a tight varve using po- 
larized light To reduce this problem. If a polarizer 
Is. used, it should be positioned after any lenses, 
whenever possible. The preferred solution is to use 
lenses which are as thin as possible, even if sev- 
ss era! are used in sequence, coated with highly effi- 
cient AR coatings on the curved lens surfaces to 
minimize the polarization effects encountered when 
light hits e surface at an angle. 
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Although a MacNeOI polarization beam splitter 
allows approximately 50% of the input fight to be 
transmitted as P-pdarlzed light, each beam, spe- 
cially the reflected S-polarued beam, is somewhat 
bnpure. In other words, the transmitted beam, al- 
though primarily P-poterfeed, contains some non-P- 
polarized light, while the reflected beam, although 
primarily B^olarized, contains some non-S-polar- 
«ed fight A smaU amount of such •contamination* 
Is very noticeable to the eye, making the projection 
oi completely black areas Impossible, reducing the 
contrast and. color saturation. To solve this prob- 
lem e polarizer could be posJlloned between the 
MacNeill beam splitter and the Oght valve with their 
ax* parallel, causing a relatively small toss of Oght, 
out eliminating Befit of the unwanted . polarization, 
improving the contrast ratio potential from approxi- 
mately 20:1 to approximately 1000:1 and only in- 
creasing the light loss from 13% to 35%. which 
leaves twice as much fight as with the use of just a 
polarizer. 

The use of a dichrorc beam combiner cube to 
produce a full-color (mage from three separately 
colored {mage-bearing beams within a small space 
has been explained above. The same cube can 
also be coated to operate as a MacNeill polariza- 
tion beam combiner cube. This cube win act as a 
beam analyzer lor light valves using polarized fight. 
With this arrangement, one beam will be transmit- 
ted through the cube, while the other two beams 
wip be reflected by the internal surfaces. Con- 
sequently, the transmitted beam must be P-po- 
larized while the reflected beams must be S-po- 
lartzed. The Bgfrt exiting the fight valve which Is to 
be transmitted by the cube must be P-polartzed 
while (he other two light valves must be manufac- 
tured lo provide images In S-polarized fight Light 
polarized by the MacNeill methods disclosed here- 
in, being all of one polarization, can be rotated by a 
half wave plate before entering the light valve 
which requires orthogonal polarization. However, a 
simpler and less expensive alternative is the use of 
Identical light valves (as to required polarization) 
and a halfwave plate after the light valve which 
produces a different polarization output from the 
. other fight verves. 

Another loss of efficiency which Is especially 
noticeable In an active matrix light valve occurs 
because there are spaces between pixels which do 
not transmit light Light that hits these areas does < 
not reach the screen, decreasing the brightness oi 
the projected image and contributing to heating oi 
the light valve. Typically between 35% and 70% oi 
the light IDuminating such a light valve actuaDy 
passes through ft To get around this problem, light a 
must be crammed Into the pixel holes, being made 
to miss the opaque areas between pixels. 

The preferred technique to do this is the use of 



a lens array to focus light coming from the con- 
denser system down into the pixel holes. For a 
Given fight valve, (he pixel hole size Is fixed. Se- 
lecting a bulb hxes the filament or arc size. To get 
s as much light as possible from the selected fight 
aource Into the pixel requires taking Into account a 
few factors. The thickness of the glass used In the 
fight valve SmHs how closely the tone array can be 
to the pixel hole and thus how short the focal 
9 length of the tone array can be. The ratio of the 
focal length of the condenser lens system to the 
lens array focal length determines the demegnhlca- 
Son of the filament or arc image. Although we 
would Eke a large condenser focal length so that 
s the dernagnification factor is sufficient to focus the 
entire image of the fllamentferc Into the pixel. In- 
creasing the condenser focal length decreases the 
amount of light it can gather from the filament 
Consequently, we must have the condenser focal 
> length as short as possible while still demagnlfying 
the image of the ffiamenMarc sufficiently to fit within 
me pixel (taking Into account diffraction blur). We 
must therefore select a bulb with the smallest fila- 
ment or arc size that wilt provide the minimum 
acceptable brightness. With, a given pixel she. a 
minimum lens array focal length, a given filament 
size, a maximum filament efficiency per unit area 
and a minimum condenser lens focal length, the 
maximum amount of light that can be put through 
the pixel holes la determined. Using these para- 
maters, a light source and lenses can be chosen to 
get as much light through the fight valve as possi- 
ble for any given fight valve. As disclosed earlier, 
techniques such as the use of a colDmating holog- 
ram or the use of non -imaging cencentrator optics 
can reduce the ftlemenVarc size, allowing more 
light to be focused Into the pixel holes. 

Using a single tens array before the fight vafve 
creates a problem. The illumination at any point on 
the array after the light valve (used for depix- 
eiization) is proportional to the brightness of the 
source and the solid angle through which that point 
is illuminated. As seen in Figure 34. the illumination 
angle 3410 from the center ol the output lens array 
3420. positioned after the light valve 3430 to mag- 
nify the images of the pixels and eliminate the 
spaces between the pixels in the Image, is that 
which is subtended by the array element 3440 
placed before the light valve, assuming the pixel 
hole allows the entire cone of light to get through lo 
the array element after the light valve. When look* 
ing at the light which Wts a point on the tower edge 
3450 of an array element after the light valve, as 
also shown In Figure 34. we can see that the tower 
edge of the pixel hole limits the cone angle of light 
3460 available to illuminate the array element after 
the light valve. Thus, Illumination along the edge of 
the array element after the light valve will peak at 
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about 50% of the Illumination at the center of the 
element and fait off to about 25% at the comer of 
the element. 

Another problem can be seen In Figure 35. If 
the illuminating light source were a true point 
source, depicted as the center of the lamp filament 
3500, Dgnt would focus as a result of passing 
through the array of em em 3510 before the RgM 
valve Into the center of the pixel 3520 and then 
fully Illuminate the array element 3530 after the 
Ikjht valve. This would cause a comptate uniform 
Illumination of each pixel on the screen. However, 
since the filament is extended and not a true point 
source, Oght win be entering the array element 
before the light valve from other positions end at 
other angles. As seen m the figure, the fight rays 
coming from the bottom of the fDament 3540 would 
come to a focus at the top of the pixel hole 3550 
After spreading out from this point, some of the. 
light would miss the corresponding array element 
efter the Bght valve. This would also cause a non- 
uniform illumination of the array element after the 
fight valve and thus the pixel on the screen. In 
addition to sending some light to an adjacent or 
nearby pixel. If this Bght wound up on the screen, ft 
could cause a decrease In contrast and color fidel- 
ity in neighboring pixels. 

With each pixel being brightest in its center 
and dim around ha edges, a pixel structure would 
still appear visible on the screen even though there 
was actually no space between pixels. To circum- 
vent this problem, ideally a figfd lens array 3800 at 
the pixel plane would cause the light that would 
miss the array 3810 after the light valve to be 
redirected, causing uniform illumination of that last 
a/ray and prevent fight from hitting adjacent pixels 
(see Figure 38). In reality however, the held lens 
array cannot be placed exactly in the pixel plane. 
Consequent*, we can split the field lens array hto 
two lens arrays, one on either side of the light 
valve, placed as close to the light valve as possi- 
ble. With this arrangement, the first lens array 
focuses an image of the lamp with the first Held 
»os into the center of the pixel. The second field 
tens (being the first lens array after the light valve) 
helps steer the fight towards the final lens array. 
This final array magnifies the image of the pixel 
forming an image to be projected on the screen by 
projection tens. This magnified image of the pixel, 
as explained earfjer, abuts the magnified image of 
hs neighboring pixel, causing a continuous Image 
made of contiguous pixels, wrth no spaces between 
them on the screen. 

As an alternative method of focusing Bght Into 
the pixels, two lens arrays can be used as an array < 
of Galilean telescopes. By this method, light enter- 
ing, each pixel will still be conimated, but most or 
afl of It win go through the pixel holes. 



With these methods, the higher the spatial co- 
herence of the fight source (the more of a •point- 
source" It Is) the more efficiently these mthods will 
operate. HOwever. to produce more light or to 
make a bulb with a longer We. requ9tres the use of 
e larger lighted area. To lake advantage of such 
sources, with the. techniques described herein, the 
source size must be reduced by "tunneling" the 
light down to a small point 
» Another method of cramming Bght Into the 
Pixel holes Is by using a fiber optic bundle In which 
the input end is tightly packed and the output end 
is arranged so that each fiber b the same size as 
its adjacent pixel note. 

There (s one other source of wasted light In a 
video projection system which Is never thought of 
as wasted fight. This Is the light that Is removed 
from certain areas In the image because those 
areas are supposed to appear as darker areas. This 
is light that should not reach the screen so that 
brightness variations can be produced on the 
screen to create an image. However, this Bght need 
not be tbtalty lost. 

With (he use of a fight valve that utilizes po- 
larized Bght. a polarizer is used after the light valve 
to act as an analyzer. Ught that should not appear 
on the screen exits the fight valve polarized per- 
pendicular to the axis of this polarizer/analyzer and 
is thereby absorbed by the polarizer. This gen- 
erates some heat as well, which can heat up the 
Bght valve, a the polarizer is near it, and is also 
ineftldent In that only 25% to 35% of the Bght that 
should be going to the screen makes it through the 
polarizer/analyzer. By using a MacNeifl polarization 
beam splitter (as described herein) instead of the 
final polarizer/analyzer, several advantages are re- 
alized. Since there la no absorption, no heating, 
occurs. Because nearly 50% of the light appears in 
each beam, nearly 100% of the light that should go 
to the screen passes through the Mac Net!! analyzer 
to the screen. A plane mirror in the path of the 
beam exiting the MacNefll analyzer that normally 
would have been absorbed by e sheet polarizer 
can reflect that normally wasted beam back to the 
Bght source for reprojeefcon through the system to 
the extent the beam is coQImated. The beam win 
retrace its path through the system ending up 
being focussed Into the center of the light source 
to be gathered by the collecting mirrors for re- 
projection through the system. Although a large 
portion of this light will not make it to the screen 
due to non-paraUeGsm. end consequent Inability to 
retrace its path through the entire system, and due 
to toss of Improperly polarized light exiling the first 
MacNelite polarization beam splitter on Ms way 
back to the bulb, some brightness will be added to 
the image that wouM not have been available if this 
technique were not used. 



26 



PACE 80/1 05 • RC VD AT 



10/202006 8:30:43 pm [Eastern Standard Timel ■ SVIfcUSPTOCPXRP.5/18 • 0108:2738300 • 



: ' DURATION (mm-9S):4846 




Oct 29 ZOOS 5:18PM HP LASERJET FAX 



p. ex 



51 



EP0 509S30A2 



52 



These tight saving techniques will greatly in- 
crease the light output of a projection system. To 
summarize, use of a double condenser system to 
collect light from the' Bgrrt source doubles the light 
output over a conventional system. Use of a po- 
larization beam sp fitter, instead of an absorption 
polarizer, again doubles the light output Use of 
dichroic mirrors instead of color filters to produce a 
colored image more than doubles the light output 
once again. Use of tens arrays before the Bghl 
valve approximately doubles the light output again, 
depending upon the ratio of clear areas to opaque 
areas on the light valve. Using these techniques In 
tandem means en overall potential Increase In Im- 
age brightness over a conventional system of 18 
times. Use of a polarization beam splitter with a 
plane mirror In place of the final polarizer/analyzer 
as well as other techniques outlined herein w3l 
potentially further increase the image brightness 
end system efficiently. 

Many projection formats can be used in con- 
function with the disclosed video display systems. 
In addition to curved, directio^sensitive. high re- 
flectance screens, less expensive, more widely dis- 
persive screens can be used with this system. A 
regular movie screen or even e wall proves ade- 
quate with e system of such high brightness. By 
vertical mounting ol the unit or the attachment to 
the projection lens of a front-surface mirror, the 
image can be displayed on a bedroom ceiling, this 
technique allows for convenient viewing of video 
imagery while lying in bed. without causing neck or 
back strain. 

Rear-screen projection can be achieved as 
wefl. Conventional rear-screen television utiDzes a 
lenticular tens and a Presnel lens tor adequate 
brightness. This adds a discernible pattern to the 
image and produces a limited angle of viewing 
both horizontally and vertically. This type of screen, 
like a conventional CRT. reflects ambient light to 
the viewer, creating glare which adds to the view- 
er's eye strain. With the present system, brightness 
1$ much higher, allowing for a broader viewing 
angle as well as more streamlined, lightweight and 
aesthetically pleasing display units. 

The high brightness allows for the use of e 
gray matte fu*.. textured) screen material with wide 
dispersion angles. This creates an Image that Is 
viewable from practical ry arty angle wflrt uniform 
brightness and no glare. This type of glare less 
screen, coupled wilh the ability to vary the bright- 
ness and color temperature of the display by selec- 
tion of bulb type and operating voltage, may also 
provide a significantly less fatiguing display for 
individuals who must spend long hours storing el a 
video display terminal. 

One of the most efficient types of screen (front 
or rear) can be made using holography. With a 



hologram, a diffuses- can be produced with a pre- 
determined dispersion pattern, creating as much 
diffusion as desired. wKh precisely tailored bnght- 
ness distribution characteristics. Efficiency can ap- 
proach 100%. The Interference pattern can be 
made optically for simple specifications or by com- 
puter generation for more complex characteristics. 
Bleached or gelatin phase holograms or metallzed 
embossed holograms can be used to produce the 
actual screen with high etfictency. 

Wilh rear-screen projection, rather than beating 
the projector several feet behind Ihe screen to 
allow the Image to expand sufficiently to fill the 
screen, one or more mirrors can be used to reflect 
the beam one or more times to allow Image expan- 
sion within a smaller cabinet size. For instance, a 
cabinet approximately 18° deep couJd be used to 
fill a rear projection screen with a diagonal mea- 
surement of 50". 

When an Image projected on a screen Is view- 
ed In an environment where (here is much ambient 
light, the areas of the screen that should be dark 
become filled with the ambient light, reducing con- 
trast In the image. A type of screen can be con- 
structed which will provide a bright image with high 
contrast In high ambient llghl situations in both 
front and rear projection. The front projection ver- 
sion of this, screen is depicted in Figure 46 end 
comprises a regular front projection screen such as 
a beaded, flat white or metallic coated screen. On 
top of the screen is a black mask with relatively 
thin horizontal slits. A lenticular lens whose cylin- 
drical lenslets are oriented horizontally is placed on 
top of the sift mask. There is one slit for every 
cylindrical lensfet. For maximum versatiBty. the sfil 
mask is adjustable in the vertical direction. Ught 
from the projector focuses an image on the len- 
ticular lens sheet of this screen, breaking the Im- 
age into many horizontal sub-images correspond- 
ing to the number of horizontal cylindrical lenslets. 
Each tens! et focuses its image component to a thin 
One which passes through the corresponding silt In 
the mask to be reflected from the screen behind It 
This reflected light Is re-expended by the cylin- 
drical lenslet for viewing with high viability from afl 
angles. Ambient light arriving at the screen from 
any height other than that of the projector (which 
makes up most ambient light), will be focussed by 
the lenslets onto the black fight absorbing layer 
and win not be visible to the viewers. ; 

The rear projection version of this screen is 
constructed by placing two horizontally oriented 
lenticular lens shoots back-to-back with their flat 
sides towards each other. The slit mask described 
above Is Disced between the lenticular lens sheets. 
Optionally a highly transmisslve rear screen ma- 
terial can be placed rwrt to the silt mask (also 
between the lens sheets). The screen operates In 
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the same manner as the front projection version to 
ei'minate ambient light reaching the viewer, in both 
from and rear configurations, the slit mask can be 
adjusted up or down to allow the light from the 
projector to pass exactly through the silts, depend- 
ln ° 00 *• Projector's height in relation to the 
screen. 

Another method could be used to reduce am- 
bient light reflection. Tha video projector's image 
^ b ** xuss8d onto the input end of a coherent 
fiber optic bundle. This Is shown In Figure 17 aa 
1 795 which places the Input end of the fiber bundle 
Wo the projected beam Instead of screen 1780 
The other end of the fibers 1797 can be flat or 
polished Into lenses or can be coupled to lenses. 
Thus each fiber, separated from neighboring fibers 
can magnify (due to fiber separation and due to the 
r™> ^"efiver to a rear-screen a portion of the. 
£age (prefer** one pixel or part of a pixel per 
fiber* magnified a predetermined amount Tha 
composite image will appear continuous, creating a 
very large Image, with only a few inches of cabinet 
thickness since ths fibers can bend. This technique 
atso ettmtnates the need for any other subsystem 
to fin the spaces between pixels. Using the fiber 
optic screen with the fibers spread apart at the 
c^utend no lenses, and no screen, in conjunc- 
tion with black. Oght absorbing material to fin the 
spaces between the fibers will produce a bright 
1™°°^ *** ■» Wgh ambient light such as In 
an outdoor stadium. TWs is because a majority of 

£ *ZL?1* ° f * 8 OUtput * tho Wba ' ^ndte 
wttl be absorptive to ambient light while all of the 
toege bearing right will still be sent to tha viewer 
However this is done si the cost of creating a pcxel- 
Wee structure due to tha spaces introduced be- 
tween the fibers. When viewing a large projected 
£*ge m thl, situation however. tfT^Tare 
Qenerally positioned at some distance from the 

mvisbte to the viewers. • 
An example of an artistic and futuristic projeo 

SLiTTan? by Rflur * U " ^ video 

protector 1401 can be mounted to an upright 1402 
Protectog an Imago onto a mirror 1403. Mirror 
1403 can reflect the image to focus onto a special 
rear screen 1404 mounted In a frame which apears 
to be hanging In space The screen itself can be 
made of extremey thin slats 1405 of almost any 
roar projection material. By mounting an axle onto 
the ends of each slat with a gear on each, a motor 

. ° r) cto8e dying 
perpendicular to the floor, creating a eofid rear 
screen for projection). In the open position, the 
screen wOl appear as a transparent window in 
epace. When the projection unH is turned on. bv 
remote control for Instance, the slats can simulta- 



neously and quickly be closed, creating a Nfceo 
image in space." 

Whatever projection method Is used, two other 
Important problems can occur. Unless ths surface 
5 being projected upon Is perpendicular to the optical 
axis of the projection beam, the Image will suffer 
from keystonlng and blurring of the pans of the 
picture not precisely focussed on the screen sur- 
face. This problem is inherent If the protector is 
10 mounted on the Boor, on a low table, or on the 
celling while the screen Is centered on e waJL CRT 
systems handle keystonlng by varying the elec- 
trorrwjgnetlc scan fine deflection. Some Bght-valve 
,« 8V8,ems ' however, have predefined pbcef 

,s locations and thus cannot utilize this technique. 

Consequently a type of an amorphic tens sys- 
tem can be constructed. A zoom lens normally 
changes the size of a projected Imaga by changing 

r^T" *T* 0n * bet * oGO ,ho ^enta of the 
30 Projection optics. However this could also be ac- 
complished If lens etemema of different curvatures 
were used. Applicant's system could employ a lens 
which is shaped as if it has added to it two varying 
« teftSM ' one ebov * one beiow the 

^ 'er«. The central 
area of tf» lens, large enough to encompass the 
entire Kght beam from the valve, creates a rectan- 
gular projected Image. But If this lens is raised or 
*> £Zf to the llgM varve. the mag- 

90 nrffcatlon varies across tha Image, causing s 
trapezoidal Image predistortron with either the top 
or bottom of the image of the light valve being the 
togeat side of the trapezoid. Thus, the tens is. 
adjusted up or down, depending on the angle the 

Z^*?* te maWn ° w,th *• «reen and 
thereby the keystone effect te cancelled. 

The variable focus problem can be corrected 
by a Unknown photographic technique known es 
•Schelmpflug correction.- If a scene to be photo- 
« Braphed has a large depth and a fairly large ap- 
erture is used, the only way to sirnurtaneously 
focus all elements of the scene Is to tilt the lens 
andflte, plane such that a fine drawn through all 
objects In the scene Intersects the line drawn 
<» through the film plane at tha same point that It 
Intersecta a line drawn through the lens plana fri a 
camera, this is accomplished by bellows. Using the 
same logic, a mechanical adjustment that bits the 
hght valve plane and the plane of the projection 
60 Z* 0 *- cre **»0 en intersection with a tine passing 
tnrouflh the screen plane, win cause the entire 
"nage to be In focus, even though the projector's 
beam Is not perpendicularly aimed at the screen. 
« m- , "f* ^ always portrayed the video 
55 f^' 8 * 01 Mure es e thin large screen that 

^J^k!!*!^ "* modem technoiooists 
have been working towards that end for decades. 
With an Image projected onto a wall, the idea is 
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almost realized. However, projection onto a wall 
mandates that the projection distance be included 
as part of the system because nothing may be 
Pieced between the projection lens and the wall. 

2S?I? h " d8ViSed B Mw of which 
would etlmmate this intervening space or projection 
*s*mce. With this screen, the ^cHST* 

™ i!Sf rTO8,h h w ^ be bUh into the 
screen Itself, and yet the entire device thickness 
001 Gxceod a few inches. This screen takes 
edwtaje of the phenomenon that a beam of fight 
of small diameter shone on a surface at a vary 
o^que angle can be spread over s huge distance 
wnen ihe propagation direction of the light beam b 

mH, T" ] V° * *• beaT can ^ 

mine* the enure surface, even rf the surface is 
hundreds of times larger than the diameter of the 
Z^M^L"^ 6080 " ****** "ecessary before 
h? SUrfaco - SP"^^ of a light beam 

Oy Shining on an oblique surface 'expands* the 
«Qht beam's dimensions In one direction, ff the 
"^ceoxrld then redirect the very wide beam, 
omo another surface, again at an oblique angle, out 
orttogonal to the first surface, the beam couW 
%XZ£ "S^ ,n ort ^onaJ direction wrth no 
projection distance required. 

Ra J?!l r ^ ,reCtl0n iS r88,i2ed * " ***** with 
saw-tooth shape elements with the sloping side of 
each saw-tooth mirrored 4700, forming a "Fmsnel 
mirror.- As shown in Figure 47. this will spread the 
light over a large area, but wilt create horizontal 
nwi£n^ Hlh t**™™ stripes between 
tJiem 4710. The smarter these reflectors, (he more 
Z,* 9 ™ "^"Vf* "a less noticeable the black 
oars m the Image. To make the light coverage 
continuous and eliminate the dark stripes, the sJoV 

2^°? * 88Ch Saw - 4oo,h *> curved 

slightly to expand the segment of light that hits a 
given saw-tooth sufficiently to cover half of the dark 
band on either side of the light band reflected^ 
*o saw-tooth, Alternatively, a lenticular lens can be 

be1W ° W *° «"-to°*ed eurface end the 
imaging area. 

ttu»itl,. 8 ^l mBte ' ne1hod °* a surface 

TnT^J 35 r8quired is to u » known tech- 
rtques to produce a holographic surface that will 
m-direct the light Into the^M directfenl^ 

If the Bght beam aimed at such a •Freshel 
mirror contains an image, the Image will be 
spread in one direction onto the surface of the 
Fresnel mirror, if the Fresnel mirror 4800 Is placed 
at an oblique angle to a rear screen 4810. as la 
shewn in figure 46, the Image will now be ex- 
panded in the orthogonal direction, filling the entire 
scieen. However, since the image viewed from a 
rear screen appears brightest when looking at the 
screen towards the source Illuminating the screen 
the screen would be Its brightest only when viewed 



l^oSn?* ? 8to - AM)ng a Becond F «»»»i mir- 
ror 4800 to redirect the light in a direction normal 

l*!!™^™ 0 ™ 3 ** 3 * 8 *™9* visible on the 

Aftemativefy. instead of uHbing curved saw- 
tooth surfaces or lenticular lenses after reflection 
from each Fresnel surface, a spherical lens array 
can be placed Just before the final viewing screen 
to to eliminate spaces between sections of the knags. 

Two distortions are created by projecting onto 
a screen by way of Fresnel mirrors. 8lnce the 
image spreads out in all directions as It propa- 
gate*, the image win be wider the further it has to 
18 «°- whn «» Mhest end being wider than the 
neerest end. This trapezoidal distortion wia be re- 
peated in the orthogonal direction when reflecting 
'rom the eecond Fresnel mirror. These two 
trapezoidal distortions can be corrected by pre- 
90 distorting the image trapezoldaOy in both axes with 
appropriate lenses In 1he opposite directions of ths 
trapezoidal distortions that will be encountered due 
to spreading. The second distortion is focus distor- 
ts TJ%° If Wktely VVVin9 ,rw * the 
sw projection tens to the near part of the image versus 
the distance from the projection lens to the far part 
of the image. This focus distortion can be cor- 
rected by tilting the projection lens with respect to 
the light valve plane In the direction opposite to the 
w screen tilt This tilt uses Schelmpftug correction 
(desenbed above) so that the entire image is in 
focus on the screen, even though ft Is being projec- 
ted at oblique angles. Such a screen system could 
be -used for the projection of any type of image. 
38 Including slides and movies as well. 

Although projection systems generally project 
titeir Images on some sort of screen. In some 
instances it would be advantageous to project di- 
rectly onto the retina of one's eye. Since a floht 

40 VB !T- 5!? M m LCD ' can "» made very small 
and Irghtwe.ght, and using some of the techniques 
Hsted herein, an efficient prelector can be made 
whjch is very compact and lightweight It then 

« ^^f^ ,eASlbte to mouirt *** *>vstem on a 
45 "eadoand or pair of glasses so as to give the 
viewer his own private viewing screen. Because the 
entire retina can be projected upon, the viewer can 
see his entire field of view covered with the image. 
If the image is projected into one eye only, the 
50 viewer will be able .to see the projected image afl 
around him, but. ft will appear superimposedTn the 
real world. This technique could be especially use- 
ful for private viewing of a movie or confidential 
data, without others seeing ft. or for providing a 
55 computer screen to be connected to a computer in 
place ol a monitor. This application would free the 

^Zl!?*! "I* tead frCm bc * n a constrained to 
one position for long periods of time. 
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In place of a convention aJ projection tons or 
condenser system, compact optfce such as lens 
arrays can be used to image each pixel onto the 
retina with a corresponding lortslet lor each pixel. 
Alternative, compound holographic optical ele- 
ment could be used or multiple curved reflectors 
facing each other's reflective surfaces, with on and 
off-axis elements to reflect and Image a Oght vaJve 
onto the retina could be used. 

The present Invention lends Kself to three-di- 

^^iTl^ pro * ect,on ' 006 ™«**t of accom- 
plishing 3-0 projection fs to use two projection 
systems with the polarizers of one Oght valve sys- 
??. Wendlcuiar to the polarizers of the other 
X ! v ^**«* m - atereoscoplc video sig- 

nals, derived from two displaced cameras tor In- 
stance, and projecting onto a non-depclarbirta 
screen wf» anew viewers wearing polarized glasses 
tosee full color S-O video. A single lens 3-0 video 
faction system can be constructed by piecing 
be* light valve systems in one enclosure, titar- 
natly, the two orthogonally polarized stereoscopic 
images can be joined by a McNeill prism. Alter- 
natively, instead of using the second mirror 503 of 
me first "striped mirror pair 502 and 503 of Figure 
5 : •» torizontally displaced spaces between the 
Pjxela of one VtQht vafve Cfin ^ w|Qd ^ ^ pjxB|s 

of the other light valve through a simple beam 
sooner setup, creating a horizontally interlaced, or- 

^!f r !L P0l ? r!2ed 3 "° ,rna ° 9 *™ «* Paction 
tfwugh the single protection lens. Striped mirror 
S02 can be tilted at a 45 degree angle with respect 
to the aws of the fight from the first fight valve. The 
Tl ,l r ?U*l Pixe,s 01 will pass 

2^ £L Cte f r ***** 01 th9 mirror. The 

second ^ht valve, whose axis hi perpendicular to 
the ax* of the first light valve, reflects Hb light from 
the rn,rrored areaa of the striped mirror, causing an 
interlaced composite image made from both im- 
ages, with orthogonal polarization. 

Another method of 3-D projection which can be 
Is auto-stereoscopic 3-0 projection. This 
r^^il 00 !" 01 require m * 8 P edaJ Otasses for 3- 

WHht!^ 0, ,!"° ,dentlc8, tenUcu,ar ,eA3 
wnn their cylinders oriented vertically, placed back- 

jc-tok. optionally, with a thin translucent screen 
between them are projected upon at different an- 
gles by two or more video projectors, bearing ste- 
reo or muRfpte^ngreeof^lew Information. The Im- 
■gascan be viewed from the opposite side of the 
ween at various locations In space. As one moves 

rj^l! 0 ^ 008 ' 8r0und the images 

are viewable, one at a time, without image overlap 
This creates several orthoscopic as well as 
pseudosccpic viewing rones In space, if one posh 
wins Ns eyes in an orthoscopic viewing zone such 
mat one Image goes to each eye. a 3-0 view will 
be visible. Many viewers will be able to view an 



orthoscopic 3-D video Image from several angles 
and positions at once. This type of screen can also 
be used In front projection with a regular screen 
behind a lenticular lens, 
s Another method of preparing stereo visual data 

for 3-D viewing uses halt wavepiate strips to rotate 
the plane of polarization 90- for alternating col- 
umns of pixels. The columns would be addressed 
so that every other column would produce a right- 
'o eye Image and the intervening columns would pro- 
duce a left-eye image. Alternatively, instead of al- 
ternating columns, alternating rows could be used 
for Jhe presentation of ten and right eye Images. 
Other presentation , patterns could be used to 
present a more uniform integration of left and right 
eye images such as having each row consist of 
alternatJng left and right eye Image pixels followed 
by a row offset by one pixel such that a checker- 
board pattern of left and right eye pixel. Images is 
ao produced. All pixels corresponding to one eye's 
image can be covered with a hail wavepiate so that 
one eye's image is polarized orthogonal to the 
other eye's image. With this arrangement a single 
projector with three or even one light valve can be 
w used to project onto a non-depolarizing screen for 
viewing with polarized glasses and the stsro im- 
ages wifl always be in registration without requiring 
alignment M 

_ _ <* the methods described herein 

oo for filling in spaces between pixels, the data for 
each eye's view can be made to overlap the data 
for the other eye's view on the screen. TWs will 
cause each eye's Image to appear continuous with- 
out holes. Ones, pixels or other spaces, 
as Half waveptates may be made pixel-sized and 
♦ P J**"l 0Ver to pixels by photo-Othography 

technology. A photographic mask, corresponding to 
the pattern of pixels to be viewed by one eye is 
imaged with U.V. onto photoresist which Is coated 
40 birefringent plastic of the proper thickness. 

Once the photoresist Is developed away In the 
exposed area (or unexposed areas, depending on 
the resist used), a chemical can be used to dls- 
aotve away the plastic that is exposed. Subse- 
46 qua^ly, the remaining resist is washed away, leav- 
ing e mask to be placed on the light vsfve. Alter- 
natively, a master dye can be similarly made of 
metal which can then be used to punch out holes 
in the appropriate places in a sheet of birefringem 
so plastic to produce the mask for the Oght valve 

A Ughl valve that is addressed In alternating 
vertical columns of right and left eye views can be 
proiected onto a lenticular lens screen Cm front or 
roar projection) to produce an auto-stereoscopic 
ss display which can be viewed without glasses to 
produce a 3-D Image. 

With the use of digital circuits and computer 
capability built into the system, the system canbe 
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used to process images so as to turn a two- 
tfmerisionai Image into a three^imenslonal Image 
One method of doing this requires pre-prcoessing 
ofthe movie to convert it to 3-D. The conversion 
need be done only once, with the converted ver- 
sion being stored for projection at a later time. With 
this technique, objects in a scene which should 
SET*? !" I' 8Wer to bG localetf «>mewhere 
^ JO"!!" th9 pimQ * *° scr ^ n can bo 
selected during pre-processing and marked. Soft- 

mLH * l, !0? 8 oom * rt *' to Wow the marked 
ooject from frame to frame. This allows the oper- 
ator to select en . object only once until It dis- 
ep^a« from view, eliminating the need to mark 
the object in every frame. Once an object In a 
ecene is selected and marked and the depth at 
which it is to appear is determined and Input, the 
computer can generate a duplicate image of that 
rZ? !L 8 8080100 to 0X0 t*™** that will 

desired depth. Using, for instance, the stereo sys- 
tem, described above, in which two projection sys- 
tems have their images perpendJcuiarfy polarized 
to be viewed by someone wearing polarized glass- 
es, the computer can generate this dupGcated Im- 
age for prelection with polarization perpendicular to 
the first image. The projector win project this du- 
pBcate image on the screen next to its counterpart 
^e-Jfparated by a distance, which determines 
uie depth at which a viewer will see ihe composite 
image. When an object is selected to change its 
**** "^"a *is fact and indicating its new 
depth will cause the computer to change the dis- 
tance between the two component images to be 
projected on the screen. This will cause the viewer 
to see the composite image formed in his brain by 
bwoculer fusion at the new depth. 

Another technique can be used to create depth 
in ar* image, utilizing the above-described projec- 
tion systems. Whh this technique however, convex 4 

IThI as *» ima 0a * projected with . 

no human Intervention or preprocessing necessary 
The Imagery however should be shot with this 
system in mind H the depth created is to be 
reaostfe By having the projector store, for example. < 
1^**™** 81 ■ ti ™ «»d Project, as the stereo 
tarnes to be viewed, frames 1 and 4 at any given 
time (4 being the current frame being shown, for 

tTT' ar " 1 **** *' frame *" ahown 

tour frames ago). 8 3-D view is created using & 
glasses or an outostereo screen as described here- 
Ui. The raster an object moves, the larger the 
distance will be between the left and right eye 
.mages and thus the further behind or in front of 
^ screen the image win appear to the viewer. « 
Consequently, motion of objects should be coordi- 
nated with their depth to provide the most realistic 
three-dimensional imagery. 
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Various recently developed techrtologicai in- 
novations such as wireless transmission of sound 
fmm the protector to speakers, wirefess transmis- 
sion of cable and VCR signals to the projector a 
buJrMn VCR and/or a built-in computer when butt 
into a projection system es described herein will 
P*oouoa a projection system wfth much broader 
use than any other system available today. 

While the preferred and. alternate embodiments 
of the Invention have been illustrated In detail 
mo ^ fca *° ns ^d adaptations of such emboo> 
mentsj wffi be upparent to those skilled In the art. 
rtowever, it la to be expressly understood that such 
rnodiftcations and adaptations are wHhin the spirit 
and scope of the present invention as set forth in 
the following claims. 

Other aspects of the Invention are Indicated In 
the following paragraphs : 

0) The electronic image projection system, 
wherein the two oolllmated beams from the 
Macneil prism are made contiguous. 
(2>. The electronic Image projection system, 
wherein the two beams emanating from the 
Macnefl prism are brought 1o two adjacent foci 
ouch that they then expand together, forming a 
singta expanding beam. 

(3> The electronic image projection system, fur- 
ther comprising: 

a first beam emanating from the Macneill 
pnsm, wherein said first beam becomes parallel, 
to a second beam emanating from the Macneill 
prism; and 

a halfwave plate in one of the first or second 
beams ernanaiing from the Macneill prism, 
wherein both beams emanating from the prism 
become polarized In the same plane. 

(4) The electronic Image projection system, 
wherein the two beams emanating from the 

Macneill prism are made contiguous forming a 
single beam; and 

cylindrical tenses to readjust the aspect ratio 
of that new stogie beam. 

(5) The electronic Image projection system, 
wherein said light source Is white and Is spOt 
Into three colored beams, wherein each of ihe 
three colored beams travel through a respective 
Macneill plate forepolarlzatlon and use In the 
means for projecting. 

(8) An optical element called a 'Fresno! Macneill 
beam splitter. " comprising: 

two Fresnel prisms whose Hat faces are 
coated with a multilayer coating necessary to 
form Macneill prism wherein said prisms are 
Qlced together along their flat surfaces. 
(7) The electronic Image projection system 
wherein said light valve requires polarized Oghc 
and 

a "Fresnel M acne HI beam spatter.- 
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two Fresnel prisms whose flat laces are 
coated wtth a multilayer coating necessary to 
form MacneiU prism wherein said prisms ana 
glued together along their flat surfaces to po- 
larize light wftWn the system tor use by et least s 
one light valve. 

(8) The electronic Image projection system 
wherein saw tight valve uses polarization and 
wherein said means for projecting comprises 
lenses, wherein said tenses have sufficient focul to 
lengths and arrtl-rellecbon coatings, polarized 
light Is not significantly depolarized by passage 
through tenses. 

(9) The electronic image projection system 
wherein said light valve utilizes polarized light, is 
and further comprising: 

et least one Mac noil J polarizing element 
placed In series with a conventional polarizer to 
produce polarized Dght of high purity for use by 
at least one Dght valve. 20 

(10) The electronic Image projection system, 
further comprising at least one lens array before 
the &ght valve, increases the amount of light that 
passes through the light valve. 

(11) The electronic image projection system. 79 
further comprising a second lens array, wherein 

said fens arrays are used before the light valve 
for more uniform illumination of pixel holes. 

(12) The electronic Image projection system, 
wherein said lens arrays focus an image of the so 
light source Into each pixel hole. 

(13) The electronic image projection system, 
.wherein the lanslets of the lens arrays before 
the light valve comprise e Galilean type of tele- 
scope so as to take the collimetod tight litu- a 
mlnatlng the lens arrays and shrink it to smaller 
estimated beams which m'O fit into each pixel 
hole. 

(14> The electronic image projection system, 
further comprising: 40 

fiber optics In a bundle, wherein arranged 
one end of the bundle receives the Illuminating 
light from the fight source; and 

another end of the bundle is arranged such 
that one fiber Is adjacent to each pixel hole and <6 
is substantially the same size as a pixel hole to 
direct the Dght Into the pool holes. 

(15) The electronic image protection system 
wherein said light source Is voltage or current 
controlled to. allow the alteration 01 brightness so 
and/or color temperature Of the Image projected. 

(16) A vf owing screen, wherein ssid screen Is a 
hologram, wherein said, screen takes Image 
bearing light that is projected upon it and dis- 
perses at predetermined angles with predeter- w 
mined light Distribution and high efficiency. 

(17) The screen, wherein said screen is de- 
signed for use in front projection. 



(16) The screen, wherein said screen is de- 
signed for use (n rear projection. 
(Ifl) The screen, where said screen Is produced 
by interference from coherent Dght. 

(20) The screen, wherein said screen is 
- crjmputer-generated. 

(21) Trie screen, wherein said screen Is made 
as a phase hologram. 

(22) The screen, wherein said screen Is re- 
corded In gelatin. 

(23) The screen, wherein said screen Is fab- 
ricated by embossing into a metallized plastic 
material such as Mylar or polyester. 

(24) A thin screen, comprising: 

at least one Fresno! mirror surface; and 
a rear screen material. 

(25) A thin screen, comprising; 

two Fresnel mkror surfaces: and 
a rear screen material. 

(26) A thin screen, comprising: 

et least one hologram behaving tike a Fres- 
nel mirror, and 

a rear screen material. 

(27) The thin screen, wherein said screen uti- 
lizes a Scheimpflug correction for focus uniform- 
ity. 

(28) The thin screen, wherein said screen uti- 
lizes means for correcting trapezoidal image dis- 
tortion. 

(29) The thin screen, further comprising: 

a means lor correction, wherein said means 
comprises at least one lens to trapfexoldslry 
precision an image to correct for later 
trapezoidal cBstortion. 

(30) The thin screen, wherein the reflective sur- 
faces of the Fresnel mirror are curved to spread 
out image information reflected from each Fres- 
nel mirror. 

(31) The thin screen, further comprising: 
at least one lenticular lens array; 

lenslets in said lens array, wherein said lan- 
slets are p&relfel to the Fresnel mirror elements 
and expand the image reflected by each Fresnel 
mirror element 

(32) The thtn screen, further comprising: 

a spherical lens array before the rear screen 
material to expand (he various Image elements 
reflected to the screen by the Fresno) mirrors. 

(33) A method of producing three dimensional 
image information for subsequent viewing on a 
display in 3-D using software In a computer, 
wherein a user labels selected elements within a 
frame of Image elements; 

wherein said software tracks selected Image 
elements from frame to frame of image Informa- 
tion: and . 

produces a duplicate image ol each labeled 
Jmage Item spaced at a distance from the orig> 
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nal image item determined by the depth In three 
dimensions, at which the selected imege item is 
to appear after, binocular fusion of the two in> 



wherein the said user can Instruct said com- e 
putar to change the depth at which an Image 
Hem appears: 

wherein the software will alter. the distance 
between the original imaoe Item and Its du- 
pflcaie so that by binocular fusion, the viewer to 
will see trie image tern changing depth as da- 



wherein said Image and Its duplicate Image 
is shown to the viewer such that the Image Is 
directed to one eye and the duplicate image is 
directed to the other eye, producing binocular 

fusion. ' 

<34) A method for coding and subsequently 
viewing 3D Images comprising the steps of: 

producing the Images on at least one Pghl 
valve utilizing polarized light and wherein right 
and left eye views ere interleaved spatially end 
where one of the eye's views must pass through 
a halrwave plate to rotate its plane of polarize- 
tlon by 80 degrees so that when the interleaved 
Images are projected onto a non-depolarizing 
screen they can be viewed with polarized glass- 
es to produce a three-dimensional Image. 

(35) A three-dimensional viewing system, 
whsrein the left and right eye images are Inter- 
leaved in alternate columns. 

(36) The three-dimensional viewing system, 
wherein the right and left eye views are inter- 
leaved in rows. 

(37) The three-dimensional viewing system, 
wherein the left and right eye views are inter- 
leaved In a checkerboard pattern. 

(38) The three-dimensional viewing system, fur- 
ther comprising e means to expand the left and 
right eye images as to fill in spaces left in each 
image as a result of interleaving. 

(38) The three-dimensional viewing system, 
wherein said halrwave plate Is made to cover 
only the pixels in the image corresponding to 
one eye's view utilizing a sheet of bJrefringent 
plastic sufficiently large to cover the entire light 
valve, made by the steps consisting of: 

coating said plastic with photoresist: subse- 
quently exposing the photoresist to e pattern 
substantially the same as the pixel pattern with 
ultraviolet light to expose the photoresist only In 
the areas where the pixels will be corresponding 
to one eye's view: 

developing of the photoresist; subsequently 
exposing the halrwave plastic In areas corre- 
sponding to Ihe pixels ot one eye's view; 

using a chemical to dissolve the halrwave 
plastic at exposed areas which win result In 



holes in the plastic: and 

subsequently removing the photoresist, 
leaving a haffweve plate with notes In It wherein 
the haMwave plate will cover areas of the light 
valve oonesponrJng only to pixels with data of 
only one eye's view. 

<40) The three-dimensional viewing system, fur- 
ther comprising a halrwave plate In front of the 
light valve with holes in it in areas corresponding 
to one eye's view where a die Is used to punch 
out the holes In the heffwave plate. 
<41) A threeKflrnenstonal projection system com- 
prising of at bast one fight valve on which Is 
displayed left end right eye views which are 
interleaved In vertical columns; and wherein the 
image Is projected onto a screen affixed to a 
lenticular lens with Its cylindrical lenslets ori- 
ented vertically substantially In registration with 
the projected Image such that at least one Inter- 
leaved vertical column from each eye's Image is 
projected onto the screen adjacent to one cylin- 
drical la relet. 

(42) A Ihree-dimensional viewing system capa- 
ble ol projecting a three-dimensional image onto 
a screen to be seen by a viewer, comprising the 
steps of. 

storing at least one image in a buffer. 

displaying a buffer stored image on the 
screen at the same time the current frame Is. 
projected on the screen wherein two images are 
coded such that one image is directed to each 
eye of the viewer, creating binocular fusion for 
the viewer of ail objects that have moved in time 
and space between the frames that are being 
simultaneously shown to the viewer. 

(43) The electronic image projection system fur- 
ther comprising a wireless transmission system 
to connect an output of an audio amplifier In the 
system to speakers and amplifiers. 

(44) The electronic image projection system, 
further comprising a wireless transmission sys- 
tem capable of receiving video from a small 
transmitter connected to a cable box or VCR. 
will send a video signal to the projection system. 
(45> The electronic image projection system, 
further comprising a video cassette' player. 

(46) The electronic image protection system fur- 
ther comprising a computer. 

Claims 

1. An electronic Image projection system, com- 
prising: 

a Dght source: 

a Bght valve for forming an Image on 
which information can be represented as pixels 
or lines, said light valve including deed spaces 
between pixels or lines; 
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means tor projecting the image formed by 
said light valve onto a viewing ares; and 

means to substantially eliminate perceived 
spaces between pixels or lines In the projected 
Image. 

The electronic Image projection system of 
Claim 1. lurtner comprising: 

a pixel storage element associated with 
each pixel for storing a respective pixel signal; 
and 

control means associated with said pixel 
storage elements tor controlling the operation 
thereof, said control means, pixel storage ele- 
ments and light valve forming an active matrfx 
light v * 



10. The electronic image protection system of 
Claim 1, wherein said Oght valve is a full-color 
light valve, comprising pixels or lines of a 
plurality of colors. 



The electronic Image projection system of 
Claim 1. wherein said control means asso- 
ciated with each pixel Includes e transistor. 
ssJd transistor when turned on by a gate sig- 
nal, conducts a voltage of a specific value 
associated with the desired brightness et Its 
respective pixel. 

4. The electronic Image projection system of 
Claim 1, further comprising e light-btecWng 
covering positioned between pixels or lines. 

5. The electronic image projection system of 
Claim 1, further comprising a heat sensing 
device for sensing heat in proximity to the 

. active matrix light valve, wherein said device 
monitors temperature and biases the active 
matrix, light valve to counter temperature fluc- 
tuation effects. 

B. The electronic Image projection system of 
Claim 1, further comprising a plurality of light 
valves to project multiple images onto the 
viewing area to produce a black and white or 
colored Image. 

7. The electronic Image projection system of 
Claim 1. further comprising dichroic optics, 
wherein said dichroic optics overlap differently 
colored light valve projected images permitting 
said images to be fccussed onto a screen with 
a single projection lens system. 

8. The electronic, image prelection system of 
Claim I , further comprising a mirror system to 
duplicate the image ol the pixels Into the dead 
spaces between pixels or fines. 

8. The electronic image projection system of 
Claim 1, further comprising lenses to fill the 
deed spaces between pixels or lines. 



11. The electronic image projection system of 
Claim 10, wherein light emanating from one of 
the colored pixels or lines overlaps light ema- 
nating from another colored pixel or lines. 

12. The electronic image projection system of 
Claim 11. wherein image Is replicated to fill the 
dead spaces between pixels. 

13. The electronic image projection system of 
Claim 11, wherein light emanating from each of 
the plurality of colored pixels or lines Is Indrvtd- 
uaily optically expanded, to fill th 
spaces between pixels or Bras. 

90 

14. The electronic image projection system of 
Claim 1. further comprising a projection tens 
system, wherein said lens system trapezoidaDy 
pre distorts the Image to compensate for key- 
as stone distortion resulting from projection of the 

image onto a surface such' that the surface is 
not normal to the optical axis of the projection 
tens. 

so 1* The electronic image projection system of 
Claim 1. wherein said system projects onto a 
surface which is not normal to the optical axis 
of the projection optics, wherein the fight valve 
end projection optics are tilted so that their 

as planes intersect at a line which also Intersects 
the plane of the surface being projected upon. 

1a The electronic Image projection system of 
Claim 1, further comprising s plurality of pro- 
40 lection means, wherein the projection means 
project polarized stereoscopically-reieted Im- 
ages onto a non-depolarizing screen to be 
viewed in 3-D. 

4« 17. The electronic image projection system of 
Claim 1, further comprising a plurality of pro- 
jection meens. wherein said projection means 
projects Images emanating therefrom onto a 
screen comprising two lenticular lenses posf- 

S0 tiorted back-to-back, restricting angle of view of 

each Image. 

1a The electronic Image projection system of 
Claim 1, further comprising a sound suppres- 
ss ston system for eliminating system cooling 

noise. 

19. The electronic image projection system of 
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Claim 1. wherein the Image enters one of two 
ends of a coherent fiber-optic bundle and is 
subsequently viewed at the other end of the 
fiber-optic bundle. 

s 

20. The electronic Image projection system of 
Claim 1 , wherein the means tor projecting fur- 
ther comprises a means to expand the pixel 
images to substantially eliminate said dead 
spaces. f0 

21. The electronic Image projection system of 
Oalm 1, wherein the means tor projecting du- 
plicates all or part of the pixel or line Images to 
substantially eliminate said dead spaces. rs 

22. An electronic image projection system, com- 
prising: 

a Tight source; 

a light valve having a plurality of pixels or so 
lines arranged In a matrix lor forming an Im- 
age; 

a solid state pixel or line storage element 
associated with each pixel or fine for storing a 
respective pixel or line control signal; « 

control means associated with said solid 
slate pixel or line storage elements for control- 
ling the operation thereof, said control means, 
pixel or Una storaQe elements and light valve 
forming an active matrix light valve, said active so 
' matrix light value including dead spaces be- 
tween pixels or lines; and 

means for projecting the image formed by 
saw light valve onto a viewing area such that 
the dead spaces are substantially eliminated. ss 

23- An electronic image projection system of 
Claim 1, further comprising a means for color- 
ing the image, wherein said means lor coloring 
is external to the fight valve. <o 

24. The electronic Image projection system of 
Claim 1. wherein a single light verve is divided 
into sections, each addressed with different 
Image information. ^ 

26. The electronic imaoe projection system of 
Claim 23 wherein each of said different sec- 
tions ere addressed with information corre- 
sponding to a different color. M 

26. The electronic Image 

Oalm 1. whereto said Hghi 
crystal display. 



system of 
is a liquid 



2a The electronic image projection system of 
Claim 1. comprising dichroic optics, wherein 
said dichroic optics divides Qght produced by a 
light source into differently colored beams. 

29. The electronic Image projection system of 
Claim 1, wherein the pixels or lines of a multi- 
colored Bght valve are addressed, such that 
each pixel or line is given data whose value 
corresponds to the amount of one color of the 
light present in the Image at that particular 
location, creating a system of color monads, 
instead of color triads as is normally done, to 
represent the color of an Image. 

30. The electronic Imago projection system of 
Claim 1, wherein one or more wedges are 
used to cause pixel or line Images to overlap. 



31 



The electronic image projection system of 
Claim 1, wherein an optical filtering means is 
utilized between the image forming plane of 
the light valve and the surface on which the 
image ts projected to reduce the visibility of 
pixels or lines In tf 



27. The electronic Image projection system of 
Claim l. comprising dichroic optics, wherein 
said dichroic optics overlap differently colored 



32. The electronic image projection system of 
Claim 1, further comprising: 

a condenser means; and 
a subsystem lor superimposing red, green 
and blue Images to form a full color image. 

33. The electronic image projection system of 
Claim 1. further comprising a lens positioned 
after the Bght varve to correct for path length 
differences between the light valves and the 
projection tens. 

34. The electronic image projection system of 
Claim 1 . further comprising: 

a lens array to create • real Images of at 
least 2 differently colored pixels or lines from 
the image to be projected; and 

wherein said means for projecting includes . 
a projection lens, wherein said lens produces 
an Image of the Image plane of the system 
and blurring the real Images of the colored 
pixels or lines produced by the lens array. 

35. The electronic image projection system of 
Claim 1 , further comprising a lens array, 
wherein said array contains mors ten slots than 
there are pixels or linos in the image to be 
displayed; and a second lens array comprising 
lanslota wherein said second array creates tn- 
dMduaJ pixel or line images that do not display 
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individual red, green 
components wit? 
created by any 



and blue pixels or lines or 
any pixel or fine fmage 
of the second lens 



3& The electronic Image projection system of 
Claim 1, further comprising a means for cool- 
ing including a tube with an orifice, wherein 
said tube directs a high velocity, high pressure 
stream of air. 

37. The electronic Image projection system of 
• c,a5m 1. further comprising a spatial filter to 
eliminate the appearance of dead r 



3& The electronic image projection system of 
Claim 1. further comprising wedgss to create 
at least one extra image on the viewing area, 
wherein said extra Image nib spaces between 
pixels or fines in the other Image projected to 
the viewing area. 

39. The electronic Image projection system of 
Claim 1. wherein Oghi from said source is 
separated Into a multiplicity of differently col- 
ored beams which address the light valve dur- 
ing a first period of time; 

color titers, wherein said filters are moved 
into e different position during a second period 
of time; 

wherein the muttipOcfry of colored beams 
Produced illuminates the light valve drfferemiy 
than In the first time period vrllh the Information 
addressing the fight valve electronically se- 
lected accordingly such that the proper color 
of light illuminates the proper place on the light 
vaive so that the proper information is projec- 
ted to a viewing surface and the motion is 
repeated periodically. 

40; The electronic image projection system of 
Claim t. wherein e full color light vatve forms a 
fuO color image and further comprising 

a displacing means to displace the image pro- 
jected to the viewing area wherein over a pe- 
. rlod ol time, red dale from one Image is super- 
imposed on green data from another Image 
which is superimposed on blue data from an* 
other image, creating the appearance of a full 
color image without the appearance of IrtdMd- 
ual red, green and blue pixels cr tines m. the 
Image. 

.41. The electronic (mage projection system of 
Claim 1. u timing the technique of "time share 
scanning" in which the Image projected onto 
the viewing area has discrete pfxeb or Rnes 



and wherein different elements of the image 
are projected to different sections of the view- 
ing area at different lime segments. 

42. The electronic image projection system of 
Claim 1, further comprising additional light 
valves, wherein the light valves modulate light 
which Is subsequently projected onto the view- 
ing area, wherein presentation of data from the 
multiplicity of light valves on the viewing area 
creates a higher resolution Image than would 
be displayed without the multiplicity of light 



15 43 * electronic Image projection system of 
Claim 1. wherein said light valve is a single fuB 
color, tight valve, wherein said fight valve is 
addressed such thai each pixel on the light 
valve corresponds to e different pixel fn the 

20 °*" al **ne. thereby displaying Information 
about only one color In any one pixel in the 
scene, Instead of utilizing a triad consisting of 
one red. one green, and one blue pixel to 
represent each pixel in the scene. 

a 

44. The electronic image projection system of 
Claim 1. further comprising at least a second 
light source, wherein at least two of the light 
^ sources are used simultaneously. 

48. The electronic image projection system of 
Cam 1. where he flght source is powered by a 
circuit which contains a triac which cute out 
part of the duty cyde of AC current to supply 
* the bulb with the proper voltage. 

46. The electronic image projection system of 
Claim 1. further comprising 1 wherein muf&pfe 
condenser paths to transmit VghJ from the light 
«o source Into the projection system. 

The electronic Image projection system of 
Claim 1, further comprising: 

at least two more light valves, wherein one 
Bghl valve requires input light ol e different 
polarization than the other 6ght valves In the 
system; and 

8 harHvave plate to provide that differently 
patented light for that light valve. 

The electronic image projection system of 
Claim 1 . further comprising: 

a condensing system to collect fight from 
the light source, said condensing system com- 
prising: 

a spherical mirror; 
a condenser lens; and 
a section of a parabolic mirror surrounding 
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the BgM source to coMmate fight which would 
not pass through the condenser (ens. 

49. An electronic Image projection system wherein 
multiple condenser paths ere used to transmit 
light from e fight source Into the projection 
system. 

60. The electronic Image projection system of 
Claim 1 , comprising 
a Bght source; 

a fight coDectJcn system, wherein said col- 
lection system comprises: 

an elliptical reflector around the light 
source; 

a condenser lens to colJJmate light emanat- 
ing from a second locus of said elliptical re- 
flector and a second lens to capture and col- 
Umate tight which misses the elliptical reflector 
and therefore does not pass through the con- 
denser lens. 

81. The electronic image projection of Claim 1. 
. comprising: 

a tight source; 

a light collection system, said collection 
system comprising an elliptical reflector around 
the light source; 

a condenser lens to coBImate light emanat- 
ing from the second focus of the olBpocal 
reflector end a section of e parabolic mirror to 
capture and oolBmate light which misses the 
elliptical mirror and therefore doee not pass 
through the condenser lens. 

52. The electronic Image projection system of 
Claim 1, further comprising: 

three light valves, each of which modulates 
light of a different color; 

a combiner cube utilized to combine the 
three colored Images produced by the three 
light- valves, said combiner cube having four 
equilateral triangular prisms whose faces are 
eppropriatefy coated with dfchroic coatings and 
«aid Bght valves all requiring input light of the 
same polarization; and 

a hairwave plate after (he light valve whose 
BgM Is to be transmitted through the prism 
cube to maximize efficiency based on polariza- 
tion produced by Brewster's angle effects. 

Ba The electronic Image projection system of 
Claim 1, further comprising a light collection 
means, comprising: 

an elliptical minor with a Bght. source 
placed at the first focus of said elliptical mirror; 

a coflimating lens placed at a second fo- 
cus of the ellipse to focus light originating from 



to 



the light source which misses the efliprica) 
mirror: and 

a com meting lens beyond the second fo- 
cus of the efliptfca) mirror to coffimate light 
coming from the second focus. 

Trie electronic Image projection system of 
Claim 1, further comprising; 
a light collection means; . 
said Bght collection means including an 
elliptical minor with the light source placed at 
the first focus of the elliptical mirror, 

a focusing lens which gathers Bght ema- 
nating from a second locus of the elliptical 
mirror end brings It to a third focus; 

a second elliptical surface to capture light 
that missed the first elliptical surface, said sec- 
ond effiptteal surface curved to bring light that 
hits it coming from the first focus of the hYst 
ellipse to the place in space where the focus- 
ing ions comes to a focus; and 

a coliimating lens beyond the third focus 
to colfimate Bght emanating from the focusing 
lens and from the second elapses! surface. 

55. The electronic image projection system of 
Claim 1. comprising: 
a Bght source; 

e light collection means, comprising: 
a light source; 

a *Fresnel parabolic reflector.'' said light 
source at the focus of the parabola, said Fres- 
nel parabolic reflector: multiple segments of a 
parabola, side by side forming sawtooth sur- 
faces, some of which acts like a standard 
parabolic reflector while the diameter of the 
opening at the end of the Fresnel parabolic 
reflector can remain much smaller than the 
diameter of a standard parabofic reflector. 

B6. A display system according to Claim 1 com- 
prising a Bght source and light collection 
means, said. Bght collection means consisting 
of a light source and a "Fresnel elliptical re- 
flector* with the Bght source at the focus of the 
parabola, said Fresnel elliptical reflector con- 
sisting of multiple segments of e parabola side 
by side forming sawtooth surfaces, some of 
which acts like a standard a Dip ties I reflector 
while the diameter of the opening at the end of 
the Fresnel elliptical reflector can remain much 
smaller then the diameter of a standard ellip- 
tical reflector. 

67. The electronic Image protection system of 
Claim 1 , further comprising: 

a ncrWmagIng concentrator wherein light 
sent into the concentrator is tunneled down to 
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an oponlng which is smaller than the size of 
the filament or arc in the right source. 

L 71,0 electronic image projection system of 
CWrn 1 , wherein said light valve makes use of a 
polarwed light and further comprising: 

a MacNeffl pdsm to polarize tight In the 
system tor use by said fight reive; mirrors to 
rotate tha plane of polarization of one of the 
beams exiting the MacNeiU prism by 90 do- to 
grees so that its now piano of polarization 
matches that of the second beam exftino the 
MacneJlie prism. 
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